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PREFACE

The work described in this report was funded by U.S. Army Medical
Research and Development Command under Project Order 87PP7870. This work was
started in September 1987 and completed in June 1988.

The use of trade names or manufacturers’ names in this report does not
constitute an official endorsement of any commercial products. This report
may not be cited for purposes of advertisement.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals" as
promulgated by the committee on Revision of the Guide of Laboratory Animal

Facilities and Care of the Institute of Laboratory Animal Resources, National
Research Council.

Reproduction of this document in whole or in part is prohibited except
with the permission of the Commander, U.S. Army Chemical Research, Deve]o?ment
and Engineering Center. ATIN: SMCCR-SPS-T, Aberdeen Proving Ground, Maryland
21010-5423. However, the Defense Technical Information Center and the
National Technical Information Service are authorized to reproduce the
document for U.S. Government purposes.

This report has been approved for release to the public.
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FOREWORD

Opinions, interpretations, conclusions and recommendations are
those of the author and are not necessarily endorsed by the U.S.
Army.

Where copyrighted material is quoted, permission has been
obtained to use such material.

Where material from documents designated for 1limited
distribution is quoted, permission has been obtained to use th
material, )

S%QZ Citations of commercial organizations and trade names in
this report do not constitute an official Department of the Army
endorsement or approval of the products or services of these
orgarizations.

Séa[:ln conducting research using animals, the investigator(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals," prepared by the Committee on Care and Use of Laboratory
Animals of the Institute of Laboratory Animal Resources, National
Research Council (NIH Publication No. 86-23, Revised 1985).

For the protection of human subjects, the investigator(s)
have adhered to policies of applicable Federal Law 45CFR46.

"In conducting tesearch utilizing recombinant DNA technology,
the investigator(s) adhered to current guidelines promulgated by
the National Institutes of Health.
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QUALITY ASSURANCE

This study was examined for compliance with Good Laboratory Practices as published
by the U. S. Environmental Protection Agency in 40 CFR Pan 792. The dates of all
inspections and the dates the resulis of those inspections were reported to the Study
Director and management were as follows:

Phase inspected: Date: Date reported:
’ Pre-cxposure animal weighing 11 Dec 87 11 Dec 87
Dosing (via inhalation) 14 Dec 87 15 Dec 87
Necropsy and physiology 17 Dec 87 18 Dec 87
Contractor pathology report 24 Mar 88 24 Mar 88
Daita 10 May 88 10 May 88
Final report 10 May 88 10 May 88

To the best of my knowledge, the methods described were the methods followed

during the study. The report was determined to be an accurate reflection of the data
obtained. !

Director, Quality Assurance Unit
Toxicology Division
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COMPARATIVE INHALATION SCREEN
OF TITANIUM DIOXIDE AND GRAPHITE DU3TS

1. INTRODUCTION

Synthetic and/or natura!l graphite dust may have military applications which could
result in inhalation hazards. CRDEC has tested synthetic (Asbury Micro 260) and natural
(Asbury Micro 650) graphites and found that acute inhalation exposure in Fischer 344 rats
resulted in a mild reversible inflammatory response at high concentrations (500 mg/m3) for
the synthetic material.(1) A repeated inhalation study with the synthetic graphite also showed
more changes at a lower concentration (100 mg/m3) reversible at 3 months post-exposure
(PE).(2) The purpose of this study was to compare the toxicity of natural and synthetic
graphite using titanium dioxide as a negative control. Both synthetic graphite and titanium
dioxide are classifed as "nuisance dusts” as defined by ACGIH.(3) Purported "nuisance” dusts
have a history of little adverse effect and do not produce significant organic disease or toxic
effect when exposures are kept under control. A Threshold Limit Value (TLV) of 10 mg/m3 of
total dust (less than 1% quartz) is recommended for "nuisance” dusts for a normal workday.
For materials containing more than 1% quartz, the environment should be evaluated against the
TLV of 0.1 mg/m3 for respirable quartz. The natural graphite used in this study contains
1.85% silica and chemically may not meet the nuisance dust requirement; however, this
material may behave biologically like other nuisance dusts (synthetic graphite and titanium
dioxide). According to the ACIGH, the biological criteria of a nuisance dust is defined by the
following lung tissue reaction: 1) the architecture of the air spaces remains intact; 2) collagen
(scar tissue) is not formed to a significant extent; and 3) the tissue reaction is potentially
reversible. In addition to these histopathological indicators of toxicity, pulmonary function and
bronchoalveolar lavage (BAL) were used to compare the toxicity of these graphite dusts to
titanium dioxide.

2. MATERIALS AND METHODS
2.1 Experimental Desi | Test Material

Groups of 20 male Fischer 344 rats were exposed by whole body inhalation to 100
mg/m3 of each test material on four consecutive days, four hours/day according to the protocol
(see appendix A). Additional groups of 12 rats were also exposed and evaluated for pulmonary
function and BAL changes. Microscopic evaluation of the respiratory tract and maijor organs was
done at two time periods PE, 24 hours and 14 days according to the following schedule:




Material Number of Rats

24hr & 14da Path 24hr & 14da BAL/Physio
Synthetic Graphite 10 10 6 6
Natural Graphite 10 10 6 6
Titanium Dioxide 10 10 6 6
Control 10 10 6 6

The synthetic graphite used in this study is Asbury Micro 260 (less than 1% silica) and
the natural graphite is Asbury Micro 650 (1.85% silica). The titanium dioxide was a gift from
NL Chemicals Inc. and is a high purity rutile form of titanium dioxide. All three test materials
contained neglible amounts of contaminants (see appendix A).

22 _Chamber Operation

The Hazelton 2000 liter stainless steel inhalauon chambers were used for this study.
These are "live in” chambers designed to house test animals during the entire course of the
study. It incorporates compartmental cage units mounted at six different vertical heights as
shown in figure 1. A unique feature of the chamber is the multi-tier arrangement of the cage
units and catch pans which facilitates good mixing within the chamber and helps promote a
nearly uniform aerosol concentration throughout the chamber. (4) This uniformity has been
verified by both fixed point aerosol sampling measurements, residence time distribution
measurements, and flow visualization studies. (5,6)

Four Hazelton 2000 liter chambers were set up as shown in figure 2 in buikling E3266
which is climate controlled (temperature = 74° + 4°; relative humidity = 40% t 10%). All
four chambers are manifolded to a single blower unit which pulls air from the surrounding
room through each of the chambers; ali air is filtered prior to being exhausted outside.
Chambers designated #2, #3, #4 are set up to handle the various aerosol exposure
atmospheres and the inlet ports to these chambers are each fitted with 15 liter glass mixing
bowis which aid in aerosol dispersal. Chamber #1 has been designated as the control chamber
and is fitted with a particulate filter on its input in place of a mixing bowl. Each chamber
exhaust line has an orifice meter downstream of the particulate filter for the purpose of
monitoring chamber flow. Gate valves provided on each chamber enable course fiow regulfation.

10
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FIGURE 1. Hazelton Chamber System
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The aerosol generation system for titanium dioxide consisted of an AccuRate series 300
screw feeder and attached vibration device which metered the dust at a uniform rate to a Jet-O-
Mizer aerosol mill depicted in figure 3. The aerosol mill was equipped with air jets supplied
with compressed air at 55 psig. High velocity air emanating from the jets resulted in high
particle to particle shear forces which readily caused the break up of agglomerates.
Consequently, a relatively highly dispersed aerosol was produced at the outlet of the aerosol
mill.

The AccuRate series 300 feeders were also used to deliver the graphite dusts to the dust
generators. Dispersion of the graphite dusts was accomplished using a Metronics aerosol
generator depicted in figure 4. This device is in essence a centrifugal blower with a deep bladed
impellor. Feed material falls into the center of the impellor and is driven against the blades by
centrifugal force resulting in particle deagglomeration and dispersion. The resultant aerosol
was fed directly into the chamber mixing bowl. The appropriate blower speed was determined
during the calibration phase and was regulated by means of a variac.

Each chamber was equipped with a Magnehelic pressure gauge (range 0 to 2" water) to
assess internal chamber pressure. Chamber pressures must be maintained at a pressure of
negative 0.4 inches of water relative to the surrounding room at all times during an exposure to
prevent leakage of chamber atmosphere into the room. Each chamber was also equipped with a
platinum resistance thermometer for continuous temperature monitoring during the exposure.
The control chamber was equipped with an electrical resistance hygrometer for continuous
humidity monitoring. The output from this device was taken as being representative of all four
chambers since the probe cbnnot be placed into a dusty atmosphere without resultant damage.
Each chamber orifice meter was equipped with a differential pressure transducer for
continuous flow monitoring. Chamber flow, temperature, and relative humidity were
continuously recorded during the course of the exposure operation.

23 Chamber Calibra

The purpose of the calibration phase of the experiment was to quantitate the uniformity
and stability of the aerosol mass concentration within the exposure chambers prior fo the actual
animal exposure. To accomplish this, a four hour mock exposure test was conducted on two
separate occasions with each of the three exposure materials (natural graphite, synthetic
graphite, and titanium dioxide). Simultaneous filter samples taken at five different sampling

13
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positions within the chamber were weighed to determine the aerosol concentrations at these
locations. These sampling locations are just above the animal cages in the middle tier of the
chambers and lie in a horizontal plane. The sampling locations are defined in figure § by
number, designated chamber corner, and 3-D coordinates. Sampler location #2 is near the
“center” of the chamber. During the course of a mock exposure, five or more sets of fiiter
samples were taken. The fiow rate for each sampler was set at 5 ipm and the sampling duration
was 5 minutes. The more than 50 filter samples taken per chamber during the two calibration
runs were used to evaluate the spatial and temporal variations in aerosol concentrations within
the chambers.

The exposure chamber concentration measurements for the calibration phase are shown
in Tables 1, 2, and 3 for the natural graphite, synthetic graphite, and titanium dioxide aerosols,
respectively. The central columns of data show the aerosol mass concentrations (mg/m3) taken
simultaneously at the five sampler locations for consecutive times (shown above each column)
during the course of a run. The block of numbers 1o the right of the central group are the run
statistics computed horizontally for each sampler location. They represent from left to right
the temporal average, standard deviation, coefficient of variation, and percentage variation from
the mean for the concentration measurements at a given sampler location. Correspondingly, the
block of numbers below the centrai group are the run statistics computed vertically at each
elapsed time, and describe the spatial variation in aerosol concentration within the chamber at a
particular time. Table 4 summarizes the temporal and spatial distribution for the three
aerosols. The overall coefficients of variation represent an average of the individual values
computed during the course of the two calibration runs on each material. The mean
concentration value shown is the average of all samples taken during the calibration from each
chamber. The data indicate that the overall temporal variation at any one location was less than
10 percent on the average. Overall spatial variation achieved was less than 5 percent on
average. A one way analysis of variance on the pooied data from the two calibration runs
indicated that the ditferences in measured aerosol concentrations at the five chamber locations
at any one time were not significant (p< 0.05). The calculations for the latter are shown in
more detail in Appendix B.

During the four days of animal exposure, all aerosol filter samples were taken from each
chamber at port #4 located at the northeast (NE) comner of the chambers. This was considered
fo give an adequate estimate of chamber concentration in view of the calibration results and also
enabled more frequemt sampling from all three chambers during the course of the exposure. A
minimum of two samples per hour were taken from each chamber.

16
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TABLE 1. KXPOSURE CHAMBER CALIBRATION DATA FOR BATURAL GRAPBITE

CALINRATION:  Natural Graphite Runt)
DATE: 10/20/87
Elapsed Time, hours
0.5 1 2.8 3.2 b 4.3 4.8 5.5 Time
Sampler 3 bverage Std CY. IV
Location Concentration, ng/n
1 ] 102 91.5 116 118 109 100 045 116 1059  10.3 9.1 1301
i 1] 87 110 116 105 97.2 904 108 0 103 10.7 M4.0
L4 9.0 8l 14 19 112 101 w1 112 1054 10.2 T 1I.M
14 .2 88 110 109 109 95 84 110 101 9.8 9.5¢ 12.0%
N 92.1 82 107 110 % 90 7 102 96.9 9.6 .01 15.42

Average 97 8710 1114 1144 1068 97.8 91.1 100.6
Std 4.1 3.8 3.6 4.6 5 2.6 3.2 5.2
1 Yar. 500 7.0 4.0 50 7.0 30T 5.0 .02

c.v. 21 431 321 401 4T 2T LS 4AMm

CALIBRATION:  Batural Graphite Bunt?
DATE: 10/26/87

Elapsed Time, hours

0.4 1.2 2.2 3.2 3.9 4.2 Tine

Sampler 3 Average Std c.y. 1%
Location Concentration, ng/n
b 89.2 9065 96.0 106 90.2 12 98.5 8.9 8.0 .M
CEINTER 6856 91.1 93.7 101 90.1 107 9.8 1.9 LN 1N
SE 87.6 954 957 105 90 n?2 9.6 9.3 .51 .M
K 87 80.3 957 104 881 107 95.2 8.6 8.0 1.4
N 80.0 924 94, 102 85.3 108 93.6 l0.1 10.8x 15.i%
Spatial

Average 88.1 92.0 05.2 103.6 88.7 109.2
St 3.1 3 1.3 1.1 2.1 2.¢
1 VYar. 6.01 401 20X 3.03 402 301

c.v. Im oL 14 0t e 4y

18




TARLE 2. [EXPOSURE CHAMBER CALIBRATION DATA FOR SYWTHETIC GRAPEITE

CALIRMTION:  Synthetic Graphite hat)
DATE: 11/3/87
Elapsed Time, bours
0.2 0.7 1.25 2 3
Sampler 3
Location Concentration, ng/n
v 103 107 14 102 05.6
g 101 107 14 101 93.4
St 10 106 13 102 93.2
| 98.8 105 113 104 06.2
n 9.7 101 111 101 93
Spatial
Average 100.7 105.2 13 102 4.3
St 1.8 2.5 1.2 1.2 1.5
1 Var. 201 401 2.02 2.0 2.0X
c.v. 161 243 1Ll 1.2 1.6
CALIBRATION:  Syntbetic Grapbite R 82
DATE: 11/5/87
Elapsed Time, bours
0.7 1.2 2 .7 35
Sampler 3
Location Concentration, ng/a
L 95.6 106 123 904 n3
CENTER 91.6 108 124 00.6 K]
4 92.9 102 122 81.5 100
| 03.7 102 120 89.3 1
» 89.3 107 123 89.3 11
Spatial
bverage 02.6 104.4 1224 80.4 111.0
{7 ] 2.4 2.3 1.5 1.2 1.7
1 Yar. 401 2.0 201 201 200
c.v. 2608 1.1 1.1 1L 1M

3.7% Time
Average Std
100 105.1 6.4
105 103.0 6.9
108 103.9 6.8
110 104.5 6.4
107 102.1 6.2
107.8
1.9
3.0z
1.8
4 4.5 Time
dverage Std
110 17 107.9
106 14 108.3
107 112 104.0
108 114 105.6
107 13 105.7
107.6 114
1.5 1.9
200 3.2
4 1n
19

c.v.

6.11
L1
6.51
6.1%
6.13

c.v.

10.82
1.4
1.2
10.52
in.n

1 Yar

0.01
10.01
0.1

.13

8.0

I Var

16.21
1.1
16.6%
15.42
16.4%
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Ko
, f; TABLE 3. KIPOSURE CHAMBER CALIBRATION DATA FOR TITANIOM DIOXIDE
CALIBMATION:  Titanium Dioxide b 8]
: DATE: 11/25/87
Elapsed Time, hours
0.2 1 2 3 [} Time
Sampler 3 Average Std c.Y. IWhr
- Location Concentration, wg/n
s 100 103 103 119 102 105.4 1.1 7.1 12.91
Y con 108 110 109 115 110 110 3.2 2.0 451
SE 902.8 08.2 102 114  06.6 100.3 8.3 8.3 13.m
n 104 107 9.3 117 100 108.7 1.5 7.0 o.M
N 101 107 104 114 104 106 4.9 481 1.5

Spatial
Average 100.8 104.6 1020 115.8 104.3

St $ 5.3 4.5 .1 5.5
1 Var. .01 8.0% 602 3.0t 7.00

c.V. 501 513 441 191 SN

CALIBRATION:  Titanium Dioxide Run #2
DATE: 1/4/87
Elapsed Time, bours

0.5 1.1 1.8 2.4 3 ] Time
Sampler 3 dverage Std Y. 1tV
Location Concentration, ng/m
s 0.1 M8 108 113 4] 966 4.1 .61 10.32
CENTER 856 15.7 110 94.1 107 86.2 3.4 131 MO0 B0
SE 8.6 134 107 85.8 102 7.3 8 3 M6 W
B 93.0 804 103 97 112 9.6 6.3 107 1.1 10.%
N 90.8 80 [ 8.6 12 927 7.5 124 1. 1.m
$patial

dverage 804 TT.5 1078 03.0 100.2 89.2
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24 Paricle Size Analysi

The aerodynamic particle size of each test material was determined using a Sierra®
Instruments cascade impactor (Mode! 2210-K, 10 stage). The Sierra impactor was operated at
a flow rate of 0.1 CFM for 30 minutes. At this flow rate, particle size could be measured
between 18 and .09 um. The test material was collected on lightly greased stainless steel
substrates that were weighed prior to and foliowing sampling to determine mass collected in
each size range. Particle size sample data were analyzed by log hormal regression, least
squares method, of particle size versu$ cumulative relative mass. The mass median aerodynamic
diameter (MMAD) and geometric standard deviation (g) of each test material were determined
during the calibration and exposure phases of the study. The particle size data are summarized
in table 5 and the calculations are contained in Appendix C.

25 Animal Of .

Male Fischer 344 rats (CDF/Cri BR) were commercially procured from Charles River
Laboratories and were housed in stainless steel suspended cage§ in racks within the chambers.
The Hazelton system is designed and has been tested to hold animals under uniform light,
temperature (22° C + 2° C) and humidity (30-70%) conditions.(6) Certified Laboratory
Rodent Chow (#5002) and water was available ad libitum . The animals were randomized,
weighed and tattooed prior 1o exposure. Weights were taken at weekly intervals during the pre
and post exposure phases and daily during the exposure phase. Prior to initiation of exposures,
the animals were examined by the Chief of the Veterinary Services Branch and found to be in
good health except for a minor incidence of sialodacryoadenitis which did not jeopardize the
outcome of the study. (see appendix D) At the end of the post exposure period, 5 additional
control rats were submitted to the US Army Medical Research Institute of Chemical Defense,
Veterinary Medical and Laboratory Research Branch for pathogenic quality assurance
evaluation. The report is contained in appendix D and no deleterious parasites, pathogens or
abnormal histopathology were found.

Just prior to the exposure period, the feed trays were removed from the exposure racks.
Following the exposure, the test and control rats were transferred to clean cages in adjacent
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TABLE 5. MEAN PARTICLE SIZE OF AEROSOLS

Natural Graphite Synthetic Graphite Titanium Dioxide

MMAD ( @g ) MMAD ( @g ) MMAD (Dg )
During 3.06 (2.19) 296 (2.16) 2.15 (3.18)
Calibration 3.04 (2.16) 2.57 (2.26) 2.15 (2.51)
2.89 (2.22)
During 2.40 (2.56) 2.34 (2.53) 1.42 (2.40)
Exposure  2.35 (2.66) 2.20 (2.60) 1.59 (2.06)
1.39 (2.40)
1.60 (2.10)

MMAD- Mass Median Aerodynamic Diameter in micrometers
@g- Geometric Standard Deviation




bioclean units while the chambers were cleaned. Toxic signs were observed and recorded before
and after each exposure and daily during the pre and post exposure periods.

26 _ Physiolocical Evalual

Lung lavage and pulmonary physiological testing were performed on the same animal to
enable comrelation of biochemical changes with functional changes. At 24 hours and 14 days PE,
the rats were anesthetized i.p. with sodium pentobarbital (40 mg/kg) and a tracheal catheter
was connected 1o a Fleish® pneumotachometer for the measurement of respiratory flow. An
air-filled esophageal catheter was inserted into the esophagous approximately to the level of the
thoracic inlet and was connecled to one arm of a Hewlett-Packard® differential pressure
transducer for the measurement of esophageal pressure. Transpulmonary pressure (the
difference between esophageal pressure and airway pressure derived from a lateral tap at the
distal end of the endotracheal tube) was used for all calculations. Both flow and pressure signals
were processed in a Buxco Electronics®, inc. Pulmonary Function Computer and the following
parameters were recorded on a Buxco Data Logger: flow, tidal volume, transpulmonary
pressure, compliance, and resistance. Compliance, measured by the ratio of the volume change
in a tidal breath to the pressure change between end expiration and end inspiration, is a
standard physiological method of assessing the overall eiasticity or distensibility of the lungs
and thorax. Restrictive pulmonary diseases (eg. fibrosis, silicosis) result in decreases in
compliance due 1o a stiffening effect which increases the work of breathing. Resistance is a
measure of the pressure difference required for a unit flow change. Inhalation of dusts may lead
10 an increase in airway resistance. Both compliance and resistance were measured as
indicators of functional impairment.

2.7 ___Bronchoalveolar Lavage

Immediately following the pulmonary measurements, the esophageal catheter was
removed and the lavage procedure commenced. The lung washing technique consisted of
instilling a calculated volume of normal saline (0.015 mli/g body weight) into the lung and
immediately withdrawing the saline until a slight pressure was feit on the syringe piunger.
Two lavage washes were done in quick succession. The recovered lavage fluid from both washes
was pooled and centrifuged at 300 g for 10 minutes at 4° C.
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Following centrifugation, the fluid was separated into supernatant and pellet fractions.
The pellet was resuspended in 1 ml 50% bovine serum albumin and total cell counts were taken
on a ZBI Coulter Counter®. A differential cell count was made using a modified Pap staining
method. The cell peliet was resuspended in Hank's buffered saline; the macrophage
concentration was determined in a hemocytometer and cell viability determined via the trypan
blue exclusion test.(7) The supernatant lavage fluid was assayed for total protein with the Bio
Rad® Protein Assay and for enzymatic activity of lactate dehydrogenase (LDH), alkaline
phosphatase (ALKP), and B-Glucuronidase (B-Giu). LDH and ALKP were determined on an
Abbott VP Series |l using an Abbott Analysis Kit and 8-Glu was assayed using a Sigma Chemical
Co. kit.

28 Pathological Evaluali

At 24 hours and 14 days PE, the test and control rats identified for pathological
evaluation were killed using carbon dioxide gas and complete necropsies were performed by
Pathology Associates Inc., ljamsville, Md. in accordance with contract #DAAA15-85-D-0002.
All tissues were fixed in 10% neutral buffered formalin, trimmed, dehydrated, embedded in
paratfin, sectioned at 6 um and stained with hematoxylin and ecsin. Representative sections
were examined for all test groups ang! controls.

2.9 Data Analysis

Data analysis was conducted according to a statistical “decision tree” as described by Gad
and Waeil.(8) First, Bartletts's Test for homogenicity of variance was used as a check of the
assumption of aquivalent variances, followed by the use of ANOVA (analysis of variances). Non-
parametric, heterogeneous data was analyzed by the Kruskal-Wallis non-parametric ANOVA.
Finally, Dunnett's Test was used on parametric homogeneous data to identify significantly
different groups.




3. RESULTS
a1 Chamber Analyses

The aerosol concentration measurements recorded during each exposure day are
tabulated in Appendix E along with the daily statistical computations. These data show that the
coefficient of variation for aerosol concentration in any one day was less than 16 percent. The
average concentrations for the four days of exposure for each test material were: 102.1
mg/m3, natural graphite; 100.4 mg/m3, synthetic graphite; and 101.5 mg/m3, titanium
dioxide. The overall coefficient of variation for concentration was less than 15 percent. To test
whether or not the average aerosol concentration was the same for each of the test materials, the
Kruskal-Wallis test was applied to the data. A non-parametric test was chosen in place of an
analysis of variance since the data failed Bartlett's test for homogeneity of variances at (p <
0.05). This was because of the greater variance of the titanium dioxide aerosol measurements.
The details of the Kruskal-Wallis test are shown in Appendix E. The latter test results indicated
that there was no significant difference (p < 0.05) in the aerosol concentrations of the three
materials over the course of the exposure.

Chamber temperature, relative humidity, and flow data are also shown in Appendix E.
Note that each value shown represents the average of four measurements. Although relative
humidity was measured only in the control chamber for reasons of probe contamination, these
values are representative for all four chambers since they all draw air from the same
environment. Because of the relatively short residence time- (< 2 minutes) of air in the
chamber, it is doubtful that the particles would significantly affect the relative humidity of the
air. Each chamber contained the same number of animals so that the humidity in the control
chamber was representative of all the chambers. Overall these data meet the standards specified
in the Guidelines for Good Laboratory Practices.

3.2 Toxic OF i

Throughout the entire study, the control and test animals gained weight at the same rate;
there were no statistically significant differences between the groups as depicted in figure 6.
The tabulated weight data is contained in Appendix D. During the actual four day exposure
period, control and test groups stopped gaining weight but recovered their growth rate during
the 14 day post exposure period. This depressive effect on growth was attributed fo the stress
of exposure. There was concern about the noise generated by the Jet-O-Mizer dispersal system.
Before the animais were exposed, the Bio-Acoustics Division of the US Army Environmental
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Hygiene Agency was consulted and measured the noise level in the exposure chambers. Their
report is contained in Appendix D, and concluded that the frequency range was outside the region
that would adversely affect the rats.

There were no adverse toxic signs exhibited by the animals, normal activity occurred
pre and post exposure. The graphite exposed rats were charcoal colored following exposure and
remained “dirty * looking throughout the 14 day post exposure period despite some preening.

The results of the puimonary physiological evaluation of the rats exposed to titanium
dioxide and graphite dusts are summarized in tables 6-7. There appears to be a statistically
significam decrease in pulmonary resistance at 24 hours PE in the rats exposed to synthetic
graphite and a significant increase in respiratory rate at 14 days PE in the rats exposed to titan
ium dioxide. Neither of these apparent changes has any biological significance. Previous acute
and repeated inhalation studies on synthetic graphite did not resuit in any consistent significant
changes in pulmonary resistance.(1,2)

The enzymatic and protein analyses of the lavage fluid are summarized in table 8. There
were significant increases in protein at 24 hours PE with all three dusts but at 14 days all
values were within control levels. At 24 hours PE, there were significant increases in 8-Glu
and ALKP for both graphite dusts and an increase in LDH for the natural graphite. There was an
unexplainable decrease in ALKP for titanium dioxide which may be caused by a material
interference with the assay; this effect is being investigated. By 14 days PE, all enzymatic
changes were resoived.

Cytological analyses of the lavage fluid are listed in table 9. Al three dust exhibited an
influx of polymorphonuclear neutrophils (PMN) at 24 hours PE but the graphite dusts elicited
a greater PMN response. Likewise, natural graphite exposure resulted in the largest increase
in total cells. By 14 days PE, the PMN résponse had diminished 10 aimosi contro! levels. There
was no decrease in macrophage viability from exposure to any of the test materials.
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TABLE 6. PHYSIOLOGICAL RESULTS (24 HR PE)

RESPIRATORY PHYSIOLOGY DATA FROM ACUTE INHALATION OF
GRAPHITE AND TiO2 EXPOSURE DATES 12/13/87 - 12/16/87
FOUR HOURS PER DAY; FOUR CONSECUTIVE DAYS; 100 mg/m3

GROUP WEIGHT FLOW PLEUR. TIDAL COMP- RESIS~ RESP. MINUTE
(Gms. ) PRESS. VOL. LIANCE TANCE RATE VOLUME
CONTROL 293 14.8 6.99 1.82 .312 .169 99.9 181
SD+/~ 12 1.8 .68 .13 .067 .028 17.9 37
NATURAL 299 13.5 7.77 1.81  .274 .180 106.1 190
SD+/~ 2 2.7 1.16 .17 .043 .066 16.2 18
SYNTHETIC 292 15.4 6.61 1.74  .310 .125 113.2 191
SD+/- 10 2.5 1.92 .21 .090 .036 29.4 28
Ti02 293 12.3 6.08 1.86  .436 .175 98.4 182
SD+/- 6 2.7 1.37 .09 .156 .012 14.2 20
BARTLETT’S NS NS NS NS NS SIG NS NS
TEST
ANOVA NS NS NS NS SIG NS NS NS
DUNNETT’S - - - C vs NA (NS) - - - -
TEST C vs SY (NS)
C vs Ti (SIG)
KRUSKAL- - - - - - SIG - -
WALLIS
NON-PARAMETRIC
ANOVA
DISTRIBITION - - - - - C vs NA (NS) - -
FREE MULTIPLE C vs SY (SIG)
COMPARISON C vs Ti (NS)




TABLE 7. PHYSIOLOGICAL RESULTS (14 DAY PE)

GROUP WEIGHT FLOW PLEUR. TIDAL COMP- RESIS- RESP. MINUTE
{Gms.) PRESS. VOL. LIANCE TANCE RATE VOLUME
CONTROL 308 14.1 6.33 1.81 «343 .136 79.4 145
SD+/~ 21 1.4 1.24 .14 .087 .051 15.4 36
NATURAL 310 13.7 7.20 1.74 .269 .171 91.6 160
SD+ /- 10 1.6 «92 .09 .028 . 049 13.6 27
SYNTHETIC 306 . 14.1 6.64 1.81 . 299 .132 75.9 137
9 3.3 2.45 .58 .187 . 051 11.1 57
Tio2 312 13.6 6.39 1.66 .306 .144 101.9 171
SD+/~ 6 1.8 1.50 <12 .068 .043 20.4 32
BARTLETT'S NS NS NS SIG NS NS NS NS
TEST
ANOVA NS NS NS NS NS NS SIG NS
DUNNETT'’S - - - - - - C vs NA (NS) -
TEST C vs SY (NS)
C vs Ti (SIG)
KRUSKAL- - - - NS - - - -
WALLIS

NON-PARAMETRIC ANOVA
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Table 9

24 Hour Post Exposure

CYTOLOGICAL ANALYSIS OF BRONCHOALVEOLAR LAVAGE FLUID

WBC TOTAL VIABILIITY MACROPHAGE LYMPH PMNS
x103 x104 ) L] L %
CONTROL x 2.22 4.34 97 98 2 0
s 0.50 1.51 2 1 0
SINTHETIC x 2.40 5.18 95 56 1 43
s 0.46 0.89 7 0 7
NATURAL x 3.37* 6.10 94 46 2 52
s 0.73 1.26 10 1 10
TITANIUM x 1.45 6.22 96 85 4 11
OXIDE s 1.20 2.07 15 S 11
14 DAY POST EXPOSURE
CONTROL x 2.00 4.41 98 97 1
s 0.66 1.11 2 1 1l
SYNTHETIC x 2.13 5.29 98 92 3 5
s 0.43 1.01 7 3 4
NATURAL x 2.58 6.12% 99 92 2 6
s 0.57 0.61 4 1 4
TITANIUM x 1.88 3.67 98 96 2 4
OXIDE s 0.42 0.53 3 2 3
* significant p=0.05 (t-test)
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3.4 Pathological Evaluations

The complete pathology report from Pathology Associates Inc. is contained in Appendix F.
The gross observations noted at the time of necropsy indicated that several of the graphite
exposed rats had discolored or mottied lungs. There were no apparent differences in body or
organ weights. The organ/body weight ratios are summarized in Appendix D.

Treatment related changes were present in the lungs of all exposed rats consisting of
brown 10 black, isotropic pigment. At 24 hours PE in all cases, the pigment was present either
free or within macrophages in terminal airways and aiveoli. Microscopicaily, the three types
- of pigment were indistinguishable from each other. There was no pigment in the peribronchial
lymph nodes and no adverse tissue reaction 1o it. By 14 days PE, there was no free pigment
(extraceliular) in the lungs of the exposed rats. Again, the three types of pigment were
indistinguishabie; however, in the graphite exposed rats, the pigment-laden macrophages tended
0 be aggregated in small groups more than in the titanium dioxide exposed rats. The only other
changes were two minimal foci of epithelial hyperplasia in the alveoli and/or the terminal
bronchioles of three rats exposed 1o synthetic graphite and one rat exposed to titanium dioxide.
The pigmented macrophages were not associated with the hyperplasia. it was concluded that the
degree of pigmentation was mild in all exposed rats and nearly identical within and between
groups.

All tissues and original data are stored in the archives of CRDEC, Research Directorate,
Toxicology Division.

4. DISCUSSION

inhalation exposure of Fischer 344 male rats to 100 mg/m3 of titanium dioxide,
natural and synthetic graphite dusts for 4 hrs/day for four days resulted in minimal adverse
effects. There were no acverse toxic signs following exposure, no mortality and no consistent
pulmonary function changes. All the rats gained weight at the same rate as the controls. BAL
analyses resulted in increases in protein for all three materiais; increases in 8-Glu and ALKP
for both graphites; and increases in LDH for natural graphite at 24 hours PE. The increase in
LDH is reported to be indicative of damage 10 the puimonary Type | celis while ALKP increases
may be correlated with Type Il cell hyperplasia.(3) Type |l cell hyperplasia was only observed
in three rats at 14 day PE, two from the synthetic graphite exposed group and one from the
titanium dioxide exposed group. This effect was observed in & previous study where rats were
exposed 10 100 mg/m3, 2 hours/day, 5 days/wk for two weeks.(2) Perhaps a longer repeated
exposure would have resulted in more Type Ii cell hyperplasia in this study. Since Type Il cells
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are the progenitors of Type | cells (10), this would be an indicator that the damaged alveolar
epithelium is undergoing repair and replacement. The graphite exposed rats also had increases
in B-Glu which is a lysosomal enzyme released by phagocytic cells in response to
inflammation.(11) These enzymatic changes correlate with the BAL cytological profile (i.e.
increases in PMN and total nucleated cells), which are indicative of an inflammatory response.
By 14 days PE, all BAL alterations were resolved.

The histopathological evaluation revealed mild lung pigmentation in all the exposed rats
with more aggregates of pigment in the graphite exposed rats at 14 days PE. The macrophages
seen in the alveoli appear 10 be actively phagocytizing all three materials. There was no
decrement in macrophage viability which is in agreement with previous studies with synthetic
graphite and titanium dioxide.(12) No pigment was observed in the peribronchial lymph nodes;
this was expected since in prior inhalation studies with graphite pigmentation in the lymph
nodes was not evident until 3 months PE. Clearance of these dusts may be a slow, protracted
process.

The BAL changes seen after repeated exposure 1o graphite were more severe than the
changes following a single exposure. Previous acute inhalation exposure to graphite resulted in
minimal cytological changes reversible by 14 days PE and no enzymatic BAL clianges.(1)
However, the BAL response in this study is mild compared to the dramatic inflammatory
reactions observed in acute studies with brass powder(13), and is not as persistent as the
effects seen with aluminum(13) and quartz.(14) In the latter study following a single 100
mg/m3 inhalation exposure 1o quartz, BAL enzymes were elevated two to five hundred percent
over controls at 3 days and 3 months PE. The changes with graphite were minimal and
reversible.

The repeated inhalation studies in this report and the previous acute inhalation exposure
1o synthetic graphite even at very high concentrations (500 mg/m3) does not result in any
permanent effects. This is in agreement with the OSHA (15) and Documentation of TLVs (3)
guidelines which regard synthetic graphite as a nuisance dust. The higher quartz content (>1%)
of natural graphite supposedly accounts for the greater risk of developing fibrosis; thus,
natural graphite is assigned a TLV of 2.5 mg/m3. However, this hypothesis is not conclusive; a
survey of the literature on the etiology of coal-workers' pneumoconiosis (CWP) reveals
uncertainty as to what part quartz plays in pathogenesis.(16) Several studies in animals have
implicated quartz as the causative factor in mixed dust fibrogenesis. Martin et al. (17) found
coliagen formation after 18 months in the lungs of rats that had inhaled a coal mixture with 5%
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quariz for 90 days. At concenirations above 10% quartz, the formation of fibrotic nodules and
collagen occurred at a rate five times higher than coal alone. Further confirmation of this
theory was demonstrated by Schiipkoter et al. (18) in experiments where quartz, coal and
titanium dioxide, alone and in mixtures, were administered to rats intraperitoneally. Fibrosis
was induced when quartz was added 1o the mixtures and the authors concluded that whenever
Quanz is present in a particular mine dust producing CWP , it should be considered the
dangerous agent. This interpretation according to Parkes (16) is contradicted by a number of
observations in human beings. Both simple pneumoconiosis (benign dusty lung) and
progressive massive fibrosis have occurred in men exposed to artificial or quartz-free
graphite.(19-21) In each case, quartz was absent or less than 1% in the lungs; therefore,
such instances imply quartz is not the pathogenic factor. The controversy is more than an
academic debate since occupational exposure standards are based upon the quartz content of the
dust in question (eg. graphite). Recent epidemiological studies in British mines showed that an
apparent increase in the prevalence of pneumoconiosis with increasing quartz exposure is
reversed in the presence of high clay mineral exposure (aluminum silicate clays are known to
inhibit silicosis) and that mass concentration of respirable dust is the best exposure index when
the quartz content does not exceed 7.5%. This "mass" effect of dust exposure has been recently
demonstrated by the resuits of chronic inhalation studies conducted with titanium dioxide. Lee
et al. (22) found fibrosis and bronchoalveolar adenomas in the lungs of rats exposed 10 250

mg/m3 of titanium dioxide for 6 hrs/day, 5 days/wk, for 2 years. The pulmonary lesions were
the result of overwheiming the lung clearance mechanisms.

5. CONCLUSIONS

Repeated inhalation exposure of Fischer 344 rats to 100 mg/m3 of titanium dioxide,
natural graphite, and synthetic graphite for 4 hours/day for four days resulted in a mild
inflammatory response 24 hours PE. BAL changes were the most sensitive indicator of
damage;aithough the enzymatic and cytological alterations were evident with all three materials,
there were greater increases with the graphite dusts. Even though the graphite dusts and
titanium dioxide were still present in the alveolar macrophages of each respective group of
rats, by 14 days PE, all BAL changes were resolved. This seems 1o indicate that the initial
period of inflammation had ceased and a slow clearance was in process. There appears to be no
deleterious tissue reaction to any of the materials at the levels tested in this study.
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In this experiment, synthetic graphite, natural graphite, and titanium dioxide meet the
criteria of the ACIGH for a nuisance dust: (1) the architecture of the air spaces remained intact;
(2) collagen (scar tissue) was not formed; and (3) the tissue reaction was potentially
reversible. Repeated exposure o graphite dust results in more pulmonary damage than single

exposures. If the nuisance dust TLV (10 mg/m3) is exceeded, respiratory protection should be
utilized.

Additional studies should be conducted to investigate the effects of subchronic inhalation
exposure 10 graphite dust. In these studies, a satellite group of test animals should be heid 6
months PE to ascertain the length of time required for dust clearance.
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» DISPOSITION FORM
; Fov wenaf th form. 399 AR 340-15 the proponent sagncy # TAGO
> AEFENENCE OR OFFICE SYMBOL susJECT
SMCCR-RST-E (70-1p) Amendment to Protocol Entitled, "Comparative Acute
- Inhalation Screen of Iron Oxide and Graphite Dust"

T 4vso FROM  chief, Environ Tox Br '¢ 7 Dec 87 ©SMT?

ATTN: Chairman, LAURC Or. Thomson/rlp/3762

1. Request amendment to subject protocol to substitute the use of titanium dioxide (Ti02)
for iron oxide.

2. Due to technical difficulties, iron oxide dust could not be generated at the concentra-
tion for the duration required. Ti0p is a nuisance dust that meets the requirements of

the sponsor, US Army Biomedical Research and Development Laboratory.

3. Enclosed is a copy of the material safety data sheet.

4. The principal investigator is Dr. Sandra Thomson, x3762.

—_— =
6;;;25:;:" . ¢==:%2;::;;>~//
Encl JOHN T. WEIMER

as Chief, Environmental Toxicology Branch

SMCCR-HV (15-1a)
TO SEE DISTRIBUTION FROM CDR, CRDEC DATE 9 Dec CMT 2

The Amendment to Protocol Entitled "Comparative Inhalation Screen of Iron Oxide and Graphite
Dusts, 87PP7870," has been reviewed and administratively approved by the Chairman, LAURC.

YW

Encl CARL W. JOHNSON
nc LTC, MS
Chief, Hlth & Vet Svcs Ofc¢

FOR THE COMMANDER

DISTRIBUTION:

SGRD-UV-V/ LTC G. Jaax
, SGRD-UV-VC/LTC Wall/CPT Hayward
. SGRD-UV-VM/MAJ Marlow
- SMCCR-RST-E/LTC Bertsch
' - SMMCR-RST/LTC Liebenberg, Dr. James, Mr. Manthei, Dr. Olajos
SMCCR-HV/ Dr. Lock
USAEHA/MAJ Yarbrough

3 FORM ous _
DA 2o%% 2496 FREV.OL ‘°;T3'°“s wiLL € USED GPO : 1987 © - 172-426
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“- Chemncals

90 BOx 700 Hngmswwn NJ 0BS2CUSA
Te 509 443-250C Te'ex 64224C

NL Chem Canasdas. inc.

< 23ze viie-Mare Suie 500 Morrea PQ 3B 3M5
T2 303 3073300 Teew MI26@EE”

NL Chemicais Europe. inc.

S.eze =iz " Bef B ICC 8 cses Begum

7@ 22182 TLIE Teer 23362 NL SR B

DESCRIPTION

TITANOX 3020 pigment is a free flowing, coarse particie size, high purity grade of titanium dioxide designed
specificaily for the various glass manufacturing processes.

TYPICAL PHYSICAL PROPERTIES

Crystal Structure Principally Rutile
Bulk Density. pounds

per cubic foot 75
Moisture 0.7% maximum
Typicat Composition

TiO, 99.5%

Iron 50 ppm

Chromium S ppm

Vanadium 15 ppm
Typical Particle Size

+35 Mesh 35%

+325 Mesh 75-85%

APPLICATIONS

® CONTAINER AND FLAT GLASS: As a component of the glass batch, TITANOX 3020 pigment
often lowers the meiting point concurrently reducing the high temperature viscosity which can result
in operating economies. In the finished glassware, the use of TITANOX 3020 pigment results in
decreased transmission in the uitraviolet range - or, in colored glasses, shifts the trangmission in the
visible region to longer wave-iengths. TITANOX 3020 pigment improves the chemica! durability of
glass - especially in acidic environments. The briliiance of gtass is improved by an increase in the
refractive index and dispersion of the glass.

8 GLASS BEADS: Owing to its excellent handiing qualities, chemical purity and high index of
refraction, TITANOX 3020 pigment is recommended for the manufacture of refiective giass beads.

® OPTICAL GLASS: TITANOX 3020 pigment finds application in optical or specialty giasses
where purity of the raw materials is essential. Refractive index and dispersion of the glass can be
controlled by use of TITANOX 3020 pigment. .

*& tragemark of NL. Chermucals, Inc ONL Chemicais, Inc. 1908

NOTE: THE STATEMENTS MADE HEREIN ARE SASED ON QUR RESEARCH AND THE RESEARCH  POSES

OF OTHERS. AND ARE BELIEVED TO BE ACCURATE NOGUMANYEEOFMORWS OANCE WITH ANY STATEMENTS OF THE SUPPLIER. SUPPLIERTS UABLITY, I ANY, FOR ANY
MADE. MOWEVER. AND THE PRODUCTS DISCUSSED ARE SOLD WITHOUT WARRANTY EX- ACTION ARISING OUT OF THE MATENIAL BEWNG SUPPLIED SMALL BE UMITED TO REMLACE.
PRESSED OR IMPL mcwomn WARRANTY OF MEACHANTABILITY ANDFITNESS FORUSE  MENT OF MATERIAL STATEMENTS CONCERNING THE ROSBIBLE USE OF THESE PRODUCTS
OF THIS MATERIAL AND UPON CONDITION THAT PURCHASERS SHALL MAKE THEIR OWN  ARE INTE

TESTS YO on:ms THE SUITABILITY OF SUCH PRODUCTS FOR THEIR PARTICULAR PUR.  OF ANY PATENT

DS-814 <186 -
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7 S I L o B S BB AR LEN 09 NI I GRS 0%+ 2 0 S A DO

k4
T Ooy (000 443-248"
i ‘ Emerg # 2¢ Ivs. (808) 4433000
Chemicals MATERIAL SAFETY DATA SHEET Lcremecsmaum
SECTION] 1
Rl p—— —— R 1
. NL CHEMICALS / NL INDUSTRIES, INC. - ENVIRONMENTAL CONTROL DEPARTMENT 1 8/1/85 ,'
£ SYNTIV ZORATST 2SN y TSCA . 1
P.O. BOX 1080, WYCOFF HILLS RO.. HIGHTSTOWN, N.J. 08520 Ugdate 10717784 | o ~O k
" haassl TARJIYY ¢ ’Tn-...‘f.",q- TSE o e TBATC AVE 4 Owmixrurg® f
4, Pigrant-Titanium Dicxide ' All Grades TITANOK 0 St 7-7
SECTION Il - HAZARDOUS INGREDIENTS
N s
Pitanium Dioxide ¢ Min. | 5.0V o -
(2)
10.0
(Dosma Standard, 29 CFR 1910.1000
Table 2-1
| l(z)h a nuisance dust - ACGIH
N .
" ! SECTION il - PHYSICAL DATA
T LING RANGE
! 7
- S o | e | e
- i — -
. MEAVIER N/A : LIGHTER TN AR | _ =AS'EGN/A — GLOWER THAN ETHER N/A . M 3}7 4.2
SECTION IV - FIRE AND EXPLOSION HAZARD DATA
00T CAT§GOAY FLASH WNVNA LEL NA
- TATINGUISHING UEOIA
: [ warers0c T roam T oTHeR
T canson DIOXIDE  _ DRY CHEMICAL N/A
B FUWUSUAL FIRE AND EXPLOBION wAZARDS
4 1AL B4 T EOURES
i Mo
| . SECTIONV-REACTIVITYDATA - - @& 000 L5
STABILITY CONDITIONS TC AvO'D
(S unstase X srasie
) TEMALS Tsﬂ;'vo'oi
2 ione.
) AZAROOUS DECOMPOSITION PRODUCTS
m.
walh LY RiZA TION CONDI® TNS T AvOiD
" MAYOCCUR “°_  wiLL NOT OCCUR .
4 N'A—=NOT APPLICABLE * COMPONENTS 1t TSCA INVENTORY
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SECTION VI - HEALTH HAZARD DATA

. “Sifsed on OSHA Standard (as a nuisance dust).

- v L -

-

Irritating to respiratory system.

:
i
t
t

e e—
EMERGENCY anD F 85° 4.0 PROCE. L AES

?a/u-mmlmhimtormdust.
Inhalation - Remove to fresh air.
Ingestion - Call a physician.

Ty N

| | SECTION Vi - SPILL OR LEAK PROCEDURES

Clean area returning all material possible to container.

WASTE J'SPOSAL MET=OD

Dispose in accordance with federal, state or local regulations.

I CIAL PR N | MATION
' SECTION VIl - SPE OTECTION INFOR

MWmianpmwdmmthwmmwithe:dstmg standards.
Use NIOSH approved respirator if TLV is exceeded.

vENT.LATION

Provide as required to keep TLV below acceptable limits.

oN0UEC" E SLOvES Yes.

EoE PRCTECT O Yes. Goggles.
G°wEs #R0TEC” v £0u Pwes NON@ wm_

SECTION IX - SPECIAL PRECAUTIONS

PRECAUTIONS TO B TAREN N MANDLING AND STORING

Avoid breathing dust.
Use with te ventillation.

OTMEAPRECAUTIONS NPCA Hazardous Materials Identification System (HMIS):
None. .
Health 1l:; Flammability 0:; Reactivity 0; Personal Protection

NiA— ICABLE
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RESEARCH PROTOCOL

TITLE: Conp:rative Acute Inhalation Screen of Iron Oxide and Graphite Dusts.
DIRECTOR/DIVISION: Toxicology Division, Research Directorate, Chemical
Research Development and Engineering Center, Aberdeen Proving Groiund, MD
21010-5423,

RESPONSIBLE INVESTIGATOR(S):

-

Principal Investigator: /
Sandra Thomson, Ph.D.

Co-Investigators: &M 4«.«.‘_;2'-\\

Dave Burnett

Quality Assurance:

Branch Chief:

n T. Weimer
Chief, Environ Tox

Division Chief:

Harry Salgm, Ph.D.
Chief, Toxicology Division

Director: :

SPONSOR: U.S. Army Biomedical
Research and Development

Laboratory, Fort Detrick,.HD /.5' L.@
. Date

pr. Dickinson

i{rector, Research

MANAGEMENT DATA:

Project No.
Protocol No. 22087030 A7
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Job Order No.
Start Date: July 1987
Completéon Date: September 1087

1. BACKGROUND:

Synthetic and/or natural graphite dust may have military applications
which could result in inhalation hazards. CRDEC has tested synthetic (Asbury
Micro 260) and natural (Asbury Micro 650) graphites and found that acute
inhalation exposure resulted in mild reversible inflammatory response at high
concentrations (500 mg/m3) for the synthetic material. A repeated inhalation
study with the synthetic graphite also showed more changes at a lower
concentration (100 mg/m3) reversible at 3 months post-exposure (PE). The
acute inhalation study for the natural graphite is still in process but
initial results at 24 hrs PE showed greater bronchoalveolar lavage (BAL)
changes compared to the synthetic material. A repeated (14 day) comparison
study of the natural graphite is planned to better define the differences
between the natural vs. synthetic graphite materials.

USAMBRDL, the sponsor for this study has suggested an additional
experiment to differentiate the physiologic vs pathologic (toxic) response to
dust loading of the lung. In this experiment, the effects of natural and
synthetic graphite will be compared to iron oxide dust. Epidemiologic and
animal studies have shown iron oxide to be noncarcinogenic!. The pulmonary
effect of iron oxide is siderosis (iron pigmentation) without physical
disability; however, the time weighted average TLV has been reduced to 5 ng/u3
(total particulate as Fe) to prevent development of x-ray changes in the lung
on long-term exposure2, The short-term exposure limit (STEL) has been
eliminated until additional toxicological data and industrial hygiene
experience becomes available to better define the basis for a STEL.2

The synthetic graphite used in this study is Asbury Micro 260 (less than
1% silica) and the natural graphite is Asbury Micro 650 (1.85% siliea); both
contain neglible amounts of contaminants (encl 1). The iron oxide selected is
iron oxide (R-2999RP, 99.6% pure), a gift from Pfizer, Inc. Minerals, Pigments
and Metal Division, Easton, PA (encl 2). This iron oxide i3 the same material
used by Beck et. al. in their intratracheal instillation studies where they
showed that toxicity indicators for iron oxide approached control levels four
days following exposure.3 This suggests pure iron oxide acts as a "nuisance
dust" producing reversible tissue reaction, no increases in collagen nor
changes in the architecture of the air spaces as defined by ACGIH. Y

2. HYPOTHESIS:
Airborne exposure of rats to equal concentrations of natural, synthetic

graphites and iron oxide will produce no significant histopathological
differences in the lungs of exposed animals.
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3. MATERIALS AND METHODS:

Experimeatal Design:

Groups of 20 male Fischer 344 rats will be exposed by inhalation to
100 mg/m3 of natural graphite, synthetic graphite and iron oxide on four
consecutive days, four hours/day. Fischer 344 rats are the species of choice
because they were used in previous studies with graphite. Microscopic
evaluation of the respiratory tract and major organs will be done at two time
periods post-exposure (PE) in the following manner:

Material # of Rats

1 day PE 14 days PE
Micro 260 (Synthetic) 10 10
Miero 650 (Natural) 10 10
Iron Oxide 10 10
Control 10 10

Species: Rat
Breed: Fischer 3434

Total # 85 (5 additional rats are required for quality assurance).
Sex and Age: Male, 12 weeks, 175~200g

4. CHAMBER OPERATION AND SAMPLE COLLECTION:

The rats will be exposed in four 1000 liter Hazelton chambers located in
Bldg E3266, Room 3.

The dusts will be delivered to the intake of the chamber by a Jet-O-Mizer
aerosol generator. The concentration in the chamber is maintained by varying
feed and blower speeds of the generator and chamber air flow and is monitored
via gravimetric methods. Sampling is conducted at a rate of 5 L/minute for 10
minutes for each sample 6-12 times during each exposure. Prior to the start
of exposures, calibration of chambers will be conducted to assure a stable
concentration. Pre-filtered room air is the air source and the temperature
and humidity of the chamber is maintained at 229C + 2° and 30 ~ 708,
respectively (in accordance with OECD guidelines). The air flow is maintained
to insure chamber oxygen content of at least 19%. The exhausted air 1is
filtered through another particulate filter.

The Mass Median Aerodynamic Diameter (MMAD) will also be measured for
each concentration using a Sierra Cascade impactor. The particle size is
expected to be withiq a respirable range.

5. TECHNICAL METHODS:
S5a. Animal Holding
The rats will be housed in stainless steel suspended cages in racks
within the chambers. The Hazelton system is designed and has been tested to

hold animals under uniform light, tenperature (22°C + 2°C) and humidity (30 -
70%) conditions (Beethe et. al., 1979).°5 Two weeks prior to the start of the
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experimental period the animals will be acclimate® to the chambers. Certified
Commercial rodent diet and water will be available ad 1lib. Cage fecal trays
will be changed daily and exposure chambers will be cleaned immediately
fcllowing each day's exposure. During this period the test animals will be
transferred to clean cages in Bioclean laminar flow units.

5b. Handling During Testing

Animals will be randomized, weighed and tattooed prior to
exposure. An on-call veterinarian will be consulted if the animals appear to
suffer undue distress or disease processes during the course of the
experiment. Toxic signs will be observed and recorded before and after the
exposure period. Animals will be weighed at weekly intervals before and
during the experimental phase and post-exposure periods.

At the end of the experimental period, all scheduled rats will be
submitted and euthanatized with carbon dioxide, necropsied and their tissues
prepared for light microscopic examination by Path. Assoc. Inc. in accordance
with contract #DAAA15-85-0002. During necropsies, the animal total body
weight and the following organ weights will be recorded: heart, lung, liver,
kidneys and gonads.

5¢. USDA Pain Category: No Pain

6. DATA ANALYSIS PLAN:

Data analysis will be conducted gccording to a statistical "decision tree"
as described by Gad and Weil (1984).° First, Bartletts's Test for

“homogenicity of variance will be used as a check of the assumption of
equivalent variances, followed by the use of ANOVA (analysis of variances).
Non-parametric, heterogeneous data will be analyzed by the Kruskal-Wallis non-
parametric ANOVA. Finally Duncan's Multiple Range Test will be used on
parametric homogeneous data to identify significantly different groups.

7. COORDINATION:

a. Pathology. Prior to the start of the experiment, there will be
coordination with USAMRICD, Veterinary Medicine & Surgery Branch, for animal
procurement, identification, and health certification; and with Pathology
Associates Inc. for gross necropsies and preparation of slides for
histopathology. Slides will be prepared and read by Pathology Associates
Inc., our designated contractor. Necropsies of spontaneous deaths will be
coordinated with USAMRICD, Comparative Pathology Branch.

b. Animal Requirements

Species: Fischer 344 Rats

Sex, Weight, Age: Male, 12 wks. old, 175-200g
Total number: 85

Starting date: July 1987
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ec. Cost Accounting

Job Order #:
Project #:

8. This study will be consistent with Good Laboratory Practice. Maintenance
and use of animals will be in accordance with the guidelines contained in NIH
publication 85-23 (Guide for the Care and Use of Laboratory Animals).

a. Control of Bias: Every reasonable attempt will be made to control
bias throughout the experiment. Animals will be rotated within the chamber on
a scheduled pattern. Since there will be dust deposition on the exposed
animals, it will be obvious to the technicians recording toxic observations
which animals are exposed.

b. Record Maintenance: All chamber analysis data, toxic obervations and
animal weights will be recorded in official CRDEC notebooks. All other
associated raw data (statistical printouts, necropsy incidence tables, etec.)
will be stored in the CRDEC, Research Dir, Toxicology Div Archives.

REFERENCES

1. Stokinger, H.E., A Review of World Literature Final Iron Oxides
Noncarcinogenic", Am. Incl. Hyg. Assoc J., 45 (2): 127-133 (1984).
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Indices, 5th ed. Amer. Conf. Govt. Indus. Hyg., Cincinnati, Ohio (1986).
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(1982).

4, Amer, Conf. Govt. Indus. Hyg., Threshold Limit Value and Biological
Exposure Indices for 1986-1987, p. 6.

5. Beethe, R.L., Wolff, R.K., Griffis, L.C., Hobbs, C.H., McClellan, R.O, .
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Inst. Report LF-67.

6. Gad, S., Weil, C., Statisties for Toxicologists in Principles and Methods
of Toxicology, ed. Hayes, Raven Press, NY, 273-320 (1984).
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LABORATORY

Asbury Graphite Mills, Inc.

Asbury, Warren County, N. J. * Telephone: (201) $37.21858

Analysis No.

Grade No. Micro #2 60

Sample Taken From

TYPICAL CHLNMICAL ANALYSIS

Carbon 99,9%
Ash 0.1
Sulfur Not Detectable

CHEMICAE- AMALYSIS OF ASIt-

Si 0.008
Al 0.0009
Fe 0.009
Ca 0.011
Ti 0.003
Mg 0.0001

TYPICAL PHYSICAL ANALYSIS

Carbon 99%
Scott Vol. Wt/cu/in. 2.67 grans
Fisher Sub-Sieve Sizer A.P.D. .61 microns
Asbury Graphite Mills, Ine.
These percentages are not guarantced, they are C. Brochini
included only to indicate the approximate physical By
and chenical analysis.
Date
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REPORT OF ANALYSIS

LABORATORY

' Asbury Graphjte Mills, Inc.

Asbury, Warren County, N.J. ¢ Telephone: (201) $37-215§

Analysis No.
Grade No. Micro 650
Sample Taken From
MICRO #650

TYPICAL ANALYSIS

SIZE AND CARBON DATA

Fineness .54 Microns A.P.D,

Fineness .50 to .60 Microns A.P.D.
=325 Mesh 100% as determined by a Fisher Sub-Sieve
Carbon 96.60% Sizer.

Ash 3.40% +325 Mesh None
-325 Mesh 100%
Carbon 95% Min.
Ash S Msx.

GENERAL CHEMICAL ANALYSIS

Moisture .05%
Volatile .10%
Carbon 96.20%
Ash 3.65%
COMPOSITION COF ASH
Silica 1.85%
Alumina .95%
Iron Oxide . 30%
Calcium Oxide .20%
Manganese Oxide .05%

Sulphuric Trioxide .10%

Potassium Oxide

.10%

These percentages are not guaranteed, Asbary Graphite Mills, Inc.
they are included only to indicate the ‘

approximate physical and chemical

analysis.
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DISPOSITION FORM

For ueo of thig form, 500 AR 340- 15. the proponent agency 8 TAGO

REFERENCE OR OFFICE SYMBOL SUBJECT
] SMCCR-RST-E Addendum to Protocol Entitled, "Comparative Acute Inhalation
d Screen of Iron Oxide and Graphite Dust"
=
TO HVSO FROM Chief, Environ Tox BATE 29 June 87 CMT 1
! ATTN: Chairman, LAURC Or. Thomson/rlp/3762
E 1. Request addendum to subject protocol to include additional animals for bronchoalveolar

lavage studies.

2. Rationale for request is as follows:

2. Additional rats are requested under F7J4 funding for bronchoalveolar lavage (BAL),
since the subject protocol is funded by USABRDL and does not include BAL studies.

b. In previous studies, BAL has proven to be the most sensitive indicator of pulmonary
damage, and these additional studies would enhance the CRDEC, Tox Div data base at minimal
cost.

3. The methods of analysis are previously described in Protocol #21087000A207.

4, The animal data requirement is as follows:

Material # of Rats
1 day PE 14 days PE
Micro 260 6 6
Micro 650 6 6
Iron Oxide 6 6
Control _6 _6
24 24

Species: Rat

Breed: Fischer 344

Total #: 48

Sex and Age: Male, 12 wks, 175-200g

5. The principal investigator is Dr. Sandra Thomson, ext 3762.

e T e

JOHN T. WEIMER
Chief, Environmental Toxicology Branch

-
DA %% 2496 PP
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APPENDIX B. STATISTICS FOR CHAMBER CALIBRATION
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< P NSO NS :
i Pt VAL RN S-S SRS

Aerosol Concentration (mg/ms):
Null Hypothesis:

Locaticn

Minimum:
Mean:
Maximum:
Sum:

Std. Dev.:
Std. Err.:
95% C.L.:

Location :

Minimum:
Mean:
Maximum:
Sum:

- Std. Dev.:

Std. Err.:
95% C.L.:

Source of
Variation
Between:

Within:
F (95%):

Differences between

Appendix B

One-Way Analvsis of Variance

Chamber #2 - Natural Graphite

Southwest

89.2
102.7
118
1437.8
10.13744
2.708345
5.852186

Northwest

- . e T - . - — - S - -

14

80.9
95.55714
110
1337.8
9.56972
2.557615
5.52445

Sum of
Squares

6689.387
486.625
6202.762

2.52

85.6
98.29286
116
1376.1
9.541284
2.550016
5.508034

Deg. of
Freedom

F (99%):

57

Southeast

87.6
102.05
119
1428.7
10.24843
2.73901
5.916261

121.6563
95.4271

3.65

means: NOT Significant at p < 0.05

There ie no difference between sampler locations

Northeast

e G e M e  me D G e = R h D G e ., WP S wr W e e . S S Gh Gm e e . S mb SN G S e - W

98 .47857
110
1378.7
9.312454
2.488858
5.3759834

BT e e R et ]




e

Ny

b ¥

Fa

A S A V0 B WL M B 2 IS

Aerosol Concentration (mg/ns):
Null Hypothesis:

Location :

N:
Minimum:
Mean:
Maximum:
Sum:

Std. Dev.:
Std. Err.:
95% C.L.:

Location

Minimum:
Mean:
Maximum:
Sum:

Std. Dev.:
Std. Err.:
. 95% C.L.:

Source of
Variation

F (95%):
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One-Way Analvsis of Variance

Chamber #3 - Synthetic Graphite

Southwest

90.4
106.5846
123
1385.6
9.261196
2.568594
5.596966

Northwest

- . - e = e e - -

89.3
104.0231
123
1362.3
9.817768
2.722959
5.933328

Sum of
Squares

5387.376
51.9375
5335.439

2.52

Center

90.6
105.0462
124
1365.6
9.770075
2.709731
5.904504

Deg. of
Freedom

F (99%):

58

Southeast

87.5
104.2769
122
13565.6
9.359056
2.595735
5.656107

12.98438
88.92398

3.65

Differences between means: NOT Significant at p < 0.05

There is no difference between sampler locations

Northeast

- . - - A e R WS M s e . e e T e D W S WS R M e . G EE e e R T G SR AR G G e e S e S WS em e e W e

89.3
105.0769
120

1366
8.911524
2.471612
5.385642
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Aerosol Concentration (mg/ms):
Null Hypothesis:

Lacation :

One-Wav Analveis of Variance

Southwest

Chamber #4 - Titanium Dioxide

Center

Southeast

There is no difference between sampler locations

Northeast

W A e S W W o . G W D S W S We R R D G S G Gy G G SR AR WP e e - ae Eewe Ee Er E  n Ge  e S Gp S w am e

Minimum:
Mean:
Maximum:
Sum:

Std. Dev.:
Std. Err.:
95% C.L.:

Location

- - -

Minimum:
Mean:
Maximum:
Sum:

Std. Dev.:
Std. Err.:
95% C.L.:

Source of
Variation

10

77.8

101

119

1010
11.69834
3.699339
8.367905

Northwest

- e - -

80
101.3727
114
11156.1
10.30612
3.107413
6.923318

Sum of
Squares

75.7
100.9636
115
1110.6
12.85568
3.876134
8.636028

Deg. of
Freedom

73.4
94.15455
114
1035.7
12.13354
3.658399
8.150913

80.4
101.0182
117
1111.2
10.44613
3.149627
7.017369

F Value

e e d oo e ——e e e E e EmEmE MRS e E S e - SEEEm—wSoemoSos Soasaoaooosmes

Total:
Between:
Within:

F (95%):

6932.514
422.5625
6509.951

2.61

F (99%):

105.6406
132.8561

3.83

Differences between means: NOT Significant at p < 0.05
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Particle Size Sample Data of Natural Graphite Taken During Calibration

EEZQZ""B;ES"“E%'&ET """ sample Wt.  mg  cumul. Tot.  Cumul. ¥
Ty 94.90 95.03 0.13 0.13  o0.97
. 10 ===c-mmcmemccccsses-esesse- not used--------c---- B Sttt
9 .16 308.01 - ———— 0.13 0.97
8 .32 313.94 ———— ———— 0.13 0.97
7 .53 310.78 311.06 0.28 0.41 | 3.06
6 .95 314.78 316.18 1.40 1.81 13.49
5 1.70 357.39 361.16 3.77 5.58 41.58
4 2.65 308.06 313.33 5.27 10.85 80.85
3 4.40 313.00 315.52 2.52 13.37 99.63
2 11.0 354.19 354.24 0.05 13.42 100
1 18.0 303.70 = —-=-e- ———— eeee- —————
Stage Dp50 Ta;; wt. Sample Wt. ng Cumul. Tot. Cumul. %
N ——=102.59  102.66  0.07  0.07 0.45
10 | =e=seccccccccccccrcnnaa- ~==not used--==-=- eemesnan—-
9 .16 304.90 2 ~===== ———— 0.07 0.45
8 .32 312.35 e - 0.07 0.45
7 .53 313.50 313.63 0.13 0.20 1.29
6 .95 309.52 311.50 1.98 2.18 14.02
5 1.70 357.96 362.38 4.42 6.60 42.44
4 2.65 308.56 314.76 6.20 12.80 82.32
. 3 4.40 355.67 358.42 2.75 15.55 100
2 11.0 314.76 2 s=cw=- ———— - Rttt
1 18.0 312.11 2 emee-- ————  eec=- —————
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Particle Size Sample Data of Natural Graphite Taken During Calibration
stage 5536'"'?;m;né'ﬁéf"";;;ﬁ;’;{? """ mg  Cumul. Tot.  Cumul. &
T TTTTIITTTTTT 97.60 97.70 0.10 0.10  o.e1
g 10 = —e--ee- i ~=--not used---w--cec-ea- e EE PP PR -
i 9 .16 354.94 ———— —— 0.10 0.61
8 .32 358.64 —————— ———— 0.10 0.61 )
7 .53 309.71 310.15 0.44 0.54 3.30
6 .95 314.04 316.62 2.58 3.12 19.09
5 1.70 313.44 317.83 4.39 7.51 45.96
4 2.65 309.66 315.64 5.98 13.49 82.56
3 4.40 314.34 317.19 2.85 16.34 100
2 11.0 314.05 = —eeaa- cmee | ccae- —————
1 18.0 304.36 —————- ——ee | eeee-
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)
5 e Particle Size Sample Data of Natural Graphite Taken During Exposure
Stage Dp50 Ta:; wt. Sample Wt. mng Cumul. Tot. Cumul. %
¥
TF == 118.08  118.20  o0.12  e.12 1.05
10 e mm e e ceee ~=~--not used----- e ——mmm———
" " 9 .16 308.04 308.18 0.14 0.26 2.28
8 .32 309.98 ——eee- ---- 0.26 2.28
} 7 .53 313.76 314.32 0.56 0.82 7.19
» 6 .95 310.30 312.84 2.54 3.36 29.47
‘; 5 1.70 308.56 311.53 2.97 6.33 55.53
4 2.65 311.55 315.02 3.47 9.80 85.96
:i 3 4.40 309.18 310.71 1.53 11.33 99.39
-? 2 11.0 357.86 357.93 0.07 11.40 100
1 18.0 313.48 2 —eme== - eee=- coaas
Stage  Dp50 Ta;; wt. Sample Wt. mg Cumul. Tot. Cumul. %
TF == 106.33  106.62 To.20 0.25 2.22
10 2 emeemmcccescemccccssccnnona=- not used-~=~~-cccccc=- - - --
9 .16 314.29 314.41 0.12 0.41 3.14
8 .32 310.01 310.19 0.18 0.59 4.52
7 .53 310.66 311.43 0.77 1.36 10.42
6 .95 311.32 314.12 2.80 4.16 31.88
5 1.70 309.34 312.42 . 3.08 7.24 55.48
4 2.65 312.12 315.93 3.81 11.05 84.67
3 4.40 312.06 313.86 1.80 12.85 98.47
. 2 11.0 313.33 313.47 0.14 12.99 99.54
1 18.0 355.6 355.70 0.06 13.05 100
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522;2""5538""&;5»7{?' “sample WE. ;g """ Cumul. EEET""EG;uIT'E'"
F ST 20042 120045 0.03 a.03 0.27
10 S —— ——m—————— not used--==cnccccccaa et L Ll etk
9 .16 304.97 2 seeee-- ——— 0.03 0.27
8 .32 314.39 314.45 0.06 0.09 0.81
7 .53 309.48 309.51 0.03 0.12 1.08
6 .95 312.44 314.00 1.56 1.68 15.15
5 1.70 313.52 316.72 3.20 4.88 44.00
4 2.65 315.06 319.73 4.67 9.55 86.11
3 4.40 311.62 313.09 1.47 11.02 99.37
2 11.0 357.69 357.73 0.04 11.06 99.73
1 18.0 354.99 355.02 0.03 11.09 100
Stage Dp50 Ta;; wt. Sample Wt. ng Cumul. Tot. Cumul. %
P - 120.06  mmemmm L IIITTTTTTTIITTTTTT ——-
10 —mmmm—one— —mmmmmecmee e not used-----=--=--=- --
9 .16 311.63 ==-—-- -—— ——— ———-
8 .32 312.34 ———— -— ——-
7 .53 308.69 309.27 0.58 0.58 4.86
6 .95 309.76 312.38 2.62 3.20 26.82
5 1.70 352.70 355.92 3.22 6.42 53.81
4 2.65 308.51 | 312.86 " 4.35 10.77 90.28
3 4.40 308.32 309.48 1.16 11.93 100
2 11.0 311.78 ——————— ——— ————— ———e-
1 18.0 310.74 - —mee | eee=- ————-
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Particle Size Sample Data of Synthetic Graphite Taken During Exposure
EE;;.T"'5;'5"6""-EE&'GET""EZ;;IZ';ZT """ mg  Cumul. Tot.  Cumul. %
T Tl T T11e.3e LT UTTTTT T TTTLLITTTTTT

10 el bt not used-----wmcccccccacccca=- —eence———— -

9 .16 308.93 309.01 0.08 0.08 0.84

8 .32 314.49 314.59 0.10 0.18 1.90

7 .53 358.99 359.45 0.46 0.64 6.76

6 .95 310.55 312.72 2.17 2.81 29.67

5 1.70 308.80 311.82 3.02 5.83 61.56

4 2.65 309.40 311.66 2.26 8.09 85.43

3 4.40 309.13 310.51 1.38 9.47 100

2 11.0 312.28  =--=-- ——— -—— —————

1 18.0 308.39 = —e--ee —— — ———
Stage Dp50 Ta;; wt. Sample Wt. ng Cumul. Tot. Cumul. %
F - 120.45 120.67 0.22 To.22 1.01

10 | —-e-eremmccccccmccccceea e not used---c~-cecc—ea e st -

9 .16 304.10 304.34 0.24 0.46 2.11

8 .32 309.38 309.71 0.33 0.79 3.62

7 .53 310.15 311.44 1.29 2.08 9.54

6 .95 312.89 318.68 5.79 7.87 36.10

S 1.70 308.59 314.49 5.90 13.77 63.17

4 2.65 309.20 314.40 5.20 18.97 87.02

3 4.40 350.74 353.138 2.64 21.61 99.13

2 11.0 308.53 308.65 0.12 21.73 99.68

1l 18.0 311.13 311.20 0.07 21.80 100
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Particle #ize Sample Data of TiO02 Taken During Calibration

EEZ«EZ""BSEB“"EQI%'GET""E;;;I;';ET """ mg  Cumul. Tot.  Cumul. %
F ——=116.93  117.08 o.16 o.16 0.90
10 | s--emeecee- ——ecccccercna- -=-not used------eccccccccccccrcccaccarcems--
9 .16 303.73 304.10 0.37 0.53 2.97
8 .32 312.79 313.90 1.11 1.64 9.19
7 .53 312.66 313.83 1.17 2.81 15.74
6 .95 308.38 312.16 3.78 6.59 36.92
-] 1.70 357.93 360.81 2.88 9.47 53.05
4 2.65 311.63 316.50 4.87 14.34 80.34
3 4.40 314.47 317.84 .37 17.71 99.22
2 11.0 310.57 310.71 0.14 17.85 100
1 18.0 355.96 2 ====-= —— ——— ——
Stage Dp50 Ta;g wt. Sample Wt. mg Cumul. Tot. Cumul. $
F == T11s.17 | 119.37  o0.20  o0.20 1.65
10 = e=m=memecrcrcrcccmcrccc e —aa not used-----v====- - e
9 .16 311.63 = | e=ce=- ——— 0.20 1.65
8 .32 312.34 2 | s--==- ——— 0.20 1.65
7 .53 308.27 308.87 0.60 0.80 6.60
6 .95 356.24 360.16 3.92 4.72 38.91
5 1.70 304.35 307.85 3.50 8.22 67.77
4 2.65 310.96 313.51 2.55 10.77 88.79
3 4.40 314.00 315.36 1.36 12.13 100
2 11.0 359.39 —————— ———— ————— ce—e-
1 18.0 315.08 2 | e==~-- ——— s——ew= eceee
Appendix € 68




Particle,Size Sample Data of TiO2 Taken During Exposure

§€2;;""B;§5""E~;;;;'§tf""Ea;;IZ'GET """ ng  Cumul. Tot.  cumal. %

F o= 12048 120.85 0.0 0.09  o0.95

10 | ee-crcmemeceee- e el bt not used---~-wcecccccmcccccccano - -
- 9 .16 303.66 303.84 0.18 0.27 2.85

8 .32 350.45 351.01 0.56 0.83 8.77

7 .53 310.13 311.02 0.89 1.72 18.18

6 .95 311.25 315.16 3.91 5.63 59.51

5 1.70 311.99 313.76 1.77 7.40 78.22

4 2.65 314.25 316.00 1.75 9.15 96.72

3 4.40 312.81 313.12 0.31 9.46 100

2 11.0 310.36 2 =w-ee- oo eeee- ——————

1l 18.0 355.39 2 cceww- ———— ————— -
Stage Dp50 Ta;; wt. Sample Wt. ng Cumul. Tot. Cumul. §
TP s 1877 11s.86 o.or  ewor T 0.73

10 | seeeccccccccccceceae- Sme———— not used--~~c-ccc-ccaa —————- --

9 .16 305.70 —————— -—— 0.07 0.73

8 .32 308.15 308.58 0.43 0.50 5.21

7 .53 313.02 313.62 0.60 1.10 11.47

6 .95 309.85 314.24 4.39 5.49 57.25

S 1.70 314.34 316.32 1.98 7.47 77.89

4 2.65 310.41 312.25 1.84 9.31 97.08

3 4.40 313.69 313.97 0.28 9.59 100

. 2 11.0 352.07 —————- cmee | eccee- -

1l 18.0 355 68 | ~wemea me==  esee- —————
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Particlg Size Sample Data of TiO2 Taken During Exposure

Stage  Dp50 'E:ié‘&é?""é;;;I;'GE """" mg  Cumul. Tot.  Cumal. %
TF -5 11700 117.26  o.26  o0.26 2.0
10 ——e—rcecee- e ————— ~==-not used----- ——emccene—— - -

9 .16 308.12 308.27 0.15 0.41 3.20

8 .32 311.77 312.61 0.84 1.25 9.77

7 .53 313.01 314.13 1.12 2.37 18.52

6 .95 308.94 314.08 5.14 7.51 58.67

5 1.70 358.55 361.52 2.97 10.48 81.88

4 2.65 313.48 315.37 1.89 12.37 96.64

3 4.40 313.70 314.13 0.43 12.80 100

2 11.0 311.15 2 = =-e==- ———— escee- -

1 18.0 355.37 —————— ———— = ————-
Stage - Dp50 Ta;; wt. Sample Wt. mg Cumul. Tot. Cumul. §
“F -==100.75  100.87 0.1z 0.12 1.05

10 2 eseemececsccccccccmrecemee - not used-~=~--ccccccc-x

9 .16 308.62 308.81 0.19 0.31 2.70

8 .32 309.41 309.82 0.41 0.72 6.27

7 .53 351.82 352.76 0.94 1.66 14.46

6 .95 312.69 317.19 4.50 6.16 53.66

5 1.70 312.18 315.13 2.95 9.11 79.36

4 2.65 307.32 309.08 1.76 10.87 94.69

3 4.40 358.26 358.79 0.53 11.40 99.30

2 11.0 303.63 303.71 0.08 11.48 100

1 18.0 310.31 2 @ ~m===-- ~———- —eeee ecces
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APPENDIX D. ANIMAL HEALTH AND WEIGHT DATA
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DISPOSITION FORM

For use of this form, see AR 340-15. the proponent sgency is TAGO.

2.

REFERENCE OR OFFICE SYMBOL SUBJECT

SMCCR-RST-V Animal Health Statement for Study #22087000A217

vo Dr. S. Thomson FROM C, Vet Svcs Br. DATE 14 Dec 87 oMT 1
1. I have examined 128 Fisher 344 Rats for study #22087000A217. Of these rats, 2 (#404 and

#496) have been found to have sialodacryoadenitis (SDA).

of this study. Enclosure 1 1s a copy of page 284 and 286 from The Laboratory Rat, Volume 1,
Biology and Diseases, regarding SDA.

SDA has no effect on the respiratory system and therefore will not jeopardize the outcome

3.

The remaining 126 rats have been found in good health.

_4ﬁ54221€?(’/47 ;{;Qﬁﬂékzuf%;yp,égaéQg

STANLEY P. LIEBENBERG
LTC, vC
Chief, Veterinary Services Branch
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(133). They have physical and chemical characteristics typical
of the Herpetoviridae, including a penchant for latency. As
with other cytomegaloviruses, rat cytomegalovirus appears to
have a predilection for salivary glands and has also been found
in lacrimal glands (87). Typical lesions include cytomegaly.
intranuclear inclusion body formation in acinar or ductal
epithelium, and mild nonsuppurative interstitial inflammation
(79.87,128). Kuttner and Wang (79) also showed that salivary
glands of affected wild rats contained infectious virus by
transmitting disease by intraglandular and ic inoculation of
several ‘‘young ' rats with emulsions of submaxillary gland.

The epizooticlogy of rat cytomegalovirus has not been well
studied, but virus and/or antibody have been detected in wild
rats in several widely separated areas of the world (79,128).
The potential the virus has for interfering with research has not
been evaluated. Infection is usually diagnosed by histological
examination. Anti-viral antibody can be detected by NT test
(128), but rapid serological tests are not available. Rat
cytomegalovirus can be grown in primary rat fibroblasts. rat
kidney cells, and hamster kidney ceils (6,128).

C. DNA Virus Which May Infect Rats

Mouse Adenovirus

We have found that some rat sera contain CF antibodies to
mouse adenovirus, but clinical disease or lesions attributable to
infection of rats with this virus have not been detected. and
virus has not been recovered from rats.

III. RNA VIRUSES

A. Coronaviruses (Sialodacryoadenitis Virus and Rat

Coronavirus)

1. Geseral

Coronaviruses are lipid solvent-labile, pleomorphic. 60 to
220 nm particles with characteristic ciublike projections
(corona) uniformly arranged on their surfaces. They multiply
in the cytoplasm and mature by budding through endoplasmic
reticulum. Coronaviridae are fairly species specific and have
been identified as etiologic agents in diseases of humans, pigs.
bovines, rats, mice, dogs. chickens, and turkeys. They gener-
ally infect the gastrointestinal tract and its associated glandular
organs and/or the respiratory tract. Reviews of coronavirus
biology are available (17,103). Two strains of coronavirus
have been identified as important pathogens of laboratory rats:
sialodacryoadenitis virus (SDAV) (15) and rat corunavirus
(RCV) (120).
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2. HRistory

In 1961, Innes and Stanton reported two outbreaks of clinical
disease in weanling rats characterized by cervical edema and
red tears”" (59). They described the morphology of the dis-
case in considerable detail and named it sialodacryoadenitis
from the characteristic lesions: inflammation and edema of
salivary and lacrimal glands. Hunt (58) described a similar
disease of young rats, but inflammation was restricted to the
intraorbital lacrimal glands and was accompanied by
keratoconjunctivitis. Innes and Stanton suggested an infectious
agent caused the disease. and Hunt detected acidophilic intra-
nuclear inclusion bodies in affected Harderian glands and in
conjunctival mucosa. but viral isolations were not attempted in
either study. Ashe and co-workers (3.4) isclated a transmissi-
ble cytopathic viral agent from the submaxillary glands of
gnotobiotic rats that hemagglutinated rabbit erythrocytes.
Ashe’s virus apparently was not associated with clinical signs
or lesions in infected rats (see Section 1V.B). Jonas et al. (67)
induced sialodacryoadenitis in germfree rats by intranasal in-
oculation of zn ultrafiltrate of diseased submaxillary salivary
gland. Virus particles were detected in ducts of submaxillary
glands from experimentally infected rats by electron micro-
scopy . but attempts to isolate an agent in virro were initially
unsuccessful. However, when neonatal mice were inoculated
ic with submaxillary gland homogenate they developed severe
neurological deficits and died in 3 to 6 days. Brain homoge-
nates from affected mice caused sialodacryoadenitis in intra-
nasally inoculated rats. Bhatt and co-workers (15) subsequently
isolated a virus from salivary glands of affected rats by inocu-
lation of neonatal mice and primary rat kidney (PRK) mono-
layer cultures. The isolate had serological and physicochemical
characteristics of a coronavirus. It was lethal for infant mice
after ic inoculation but not for weanling mice. Mouse brain-
passaged virus induced sialodacryoadenitis in susceptible rats.

In 1964 Hartley and associates found that some rat sera con-
tained antibody to mouse hepatitis virus (MHV) (51). They
suggested that an agent antigenically related to MHV could
elicit anti-MHV antibody in rats. Parker es al. (120) offered
support for Hartley 's theory by isolating a coronavirus antigen-
ically related to MHV from lungs of infected but clinically
normal rats. Parker's virus (RCV) was subsequently shown to
be antigenically related to both SDAV and MHV (15), and the
current view is that SDAV and RCV may be different strains of
one rat coronavirus. The biology of each virus is discussed
separately in each of the following sections.

3. Viral Characteristics

a. SDAV. The diameter of SDAV particles, determined by
ultrafiltration, is 100 to 220 nm. Jonas er al. (67) described a
60- to 70-nm particle in ductal epithelium of experimentally
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mice developed NT antibody to SDAV ., whereas in inoculated
mice developed NT and CF antibody. The virus was recovered
from the respiratory tract for up to 7 days postinfection, and
mice developed interstitial pneumonia. Anti-SDAV and anti-
MHYV antibody also has been found among retired breeder
mice from colonies thought to be free of MHV. Since SDAV
and MHYV are antigenically related. SDAV infection should be
considered if unexpected or unexplained seroconversions to
MHYV occur in mouse colonies. Seroconversions to MHV from
infection of mice or rats exposed to human coronaviruses (e.g.,
carried by animal technicians) also should be considered
(Hartley er al., 1964) but has not been studied.

Extensive host range studies of SDAV have not been done,
but preliminary trials with several strains of rats and mice
suggest that various strains of SDAV may vary in infectivity
and antigenicity (14). For example, during spontaneous out-
breaks, WAG/Rij rats developed severe clinical disease,
whereas DA rats developed primarily subclinical disease. Fur-
thermore, some strains of mice developed both CF and NT
antibody following experimental SDAV infection. whereas
others produced only NT antibody. Conversely, one strain of
SDAV induced only NT antibody in a given mouse strain
whereas a second strain of SDAV induced both CF and SN
antibody. These variations are important for interpretation of
diagnostic and epizootiological data.

b. RC¥. Host range studies with RCV also have been lim-
ited. Rat coronavirus is infectious for rats and induces
seroconversion to RCV, MHV, and SDAV (11.15.120). Its
pathogenicity varies with strain and age but is greatest for
suckling rats. For example, mortality among intranasally in-
oculated Fischer 344 rats less than 48 h old approached 100%,
whereas comparable Wistar rats had only 10 to 25% mortality.
Furthermore, deaths among Fischer 344 sucklings occurred 6
to 12 days after infection, whereas Wistar sucklings usually
died after 12 days. Resistance to mortality. however, among
even highly susceptible sucklings. increased rapidly so that rats
inoculated after 7 days of age had nonfatal respiratory disease
and weanlings were asymptomatic (120). The pathogenicity
and infectivity of RCV for other species have not been re-

ported.

6. Clinical Disease

a. SDAV. Susceptibie rats can be infected at any age. but
clinical disease usually occurs in one of two patterns: endemic
infection of breeding colonies or explosive outbreaks among
nonimmune rats exposed to virus as weanlings or adults. In the
former setting, adults may have clinical signs, but more com-
monly they are immune. Therefore. clinical disease develops
among susceptible sucklings and is characterized by so-called
**winking and blinking ** associated with acute inflammation of
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the eye and adnexae. Signs are transient (1 week or less)
among individual sucklings, but affected animals will be prev-
alent among the suckling population as long as newly suscep-
tible litters are available to become infected. In the latter situa-
tion, either new. SDAV-susceptible rats are placed in a room
with infected rats or an infected rat(s) is placed in 2 room
housing nonimmune weanlings or adults. Generally, within 1
week, the susceptible population will develop typical signs of
SDAY infection. For individual rats they include cervical swell-
ing (edema) with palpable enlargement of submaxillary sali-
vary glands, sneezing or repeated wiping of the external nares
with the forepaws, photophobia and nasal, and ocular dis-
charges which are often red-tinged due to a high content of
porphyrin pigment. Clinical signs last about 1 week. They may
be mild or severe, and all signs do not occur in every infected
rat. This last point is especially significant. since a single sub-
clinically infected rat placed in a susceptible colony can initiate
a full enzootic episode.

Keratoconjunctivitis has been associated with several natural
outbreaks of SDAV (80,161) and may be the only clinically
detectable evidence of SDAV infection. Signs and lesions
commonly begin by the time of weaning, but also can occur in
adults. They include photophobia. lacrimation, circumcomeal
flush. diffuse corneal opacities, corneal ulcers. pannus, hypo-
pyon. and hyphema. Lesions usually resolve completely in 1 to
2 weeks, but chronic active keratitis and megaloglobus may
develop in some rats. The morbidity of eye lesions during an
acute outbreak of SDAV infection varies from 0 10 100%, but
is usually 10 to 30%. The prevalence of eye lesions seems
greater among breeding colonies chronically infected with
SDAV (65). The severity of lesions also may vary among
strains of rats. In our experience, inbred Lewis and WAG/Rij
rats are more susceptible to SDAV-associated eye disease than
DA rats or outbred CD rats (65). Weisbroth and Peress (161)
found that the spontaneously hypertensive strain TAC:SHR/N
also was highly susceptible. The pathology of the eye lesions is
discussed in greater detail in Section I, A, 7.

b. RCV. Rat coronavirus infection is subclinical in post-
weaned rats. Nonfatal respiratory disease can occur in in-
tranasally inoculated sucklings. and intranasally infected sus-
ceptible neonates may die (11,120).

7. Puathology

a. SDAV. The lesions of SDAV infection have been de-
scribed in  detail by several groups of workers
(59.61,67.80.161).

Gross Lesions of SDAV infection usually are restricted to
mixed or serous salivary glands. lacrimal glands. cervical
lymph nodes. thymus. and occasionally lung. Submaxillary
and parotid salivary glands and cervical lymph nodes are un-
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SGRD-UV-VM 26 Feb 88
MEMORANDUM FOR RECORD

SUBJECT: Quality Assurance Data

1. The following information concerns Quality Assurance data for
a group of five Fisher Rats, accession numbers 88-0025 through
88-0029.
ACC No. Microbiology Parasitology
88-0025 TW-NG NOPS
GUT-NEPI
88-0026 TW-Staph spp NOPS
-Enterococcus spp.
-E.coli
GUT-NEPI
88-0@27 TW-P. mirabilis NOPS
GUT-NEPI
88-0028 TW-Enterococcus spp. NOPS
GUT-NEPI
88-2029 TW-NG NOPS
GUT-NEPI

TW = Trachael Wash: NOPS = No Obvioues Parasites Seen
NEPI = No Enteric Pathogens Isolated; NG@ = No Qdrowth

2. POC for this information is CPT(P) Parrish, ext 3503.

| Lreves JK/W

DENVER D. MARLOW
MAJ, VC
Chief, Vet Med & Surg Br

CF:
C, Vet Med & Lab Resr Div
C, Veterinary Services Branch, CRDEC
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GEORGE A. PARKER, DVM, LTD
111-A Carpenter Drive
P.O. Bax 764
Sterling, VA 22170
(703)481-1122

Mr. John Grahas

US Army Medical Research Institute of Chemical Defense
Comparative Pathology Branch

Aberdsen Proving Ground, MD 21010-5425

Dear Mr. Grahanm:

Enclosed please £ind histology worksheets, paraffin blocks, microslides,
residual wet tissues and 2 copies of the pathology report from a group of
Quality control animals received 27Jan88. Animals examined are summarized
on the attached letter from yourself dated 27Janss.

George A. Parker, DUM, DACVP 29Feb8S
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DEPARTMENT OF THE ARMY

UNITED STATES ‘ARMY MEDICAL RESEARCH INSTITUTE OF CHEMICAL DEFENSE
ABERDEEN PROVING GROUND, MARYLAND 21010-5425

mrLv 10
ATVHUTEN OF

January 27, 1988

SGRD-UV-YC

Dr. George A. Parker, Ltd
P.O0. Box 350

Great Falls, Virginias 22066

Dear Sir:

Reference Contract/Order ¥Wo.

DAADOS5-88-C-0021 and letter from

B.G. Wall, dated October 3, 1985, the folloving tissues are subaitted
for processing and evaluation:

DATE OF PATHOLOGY
MECROPSY ACCESSION ¥O.  SOURCE  RECEJVED  SPECIES MUMBER
Sept 11 87-1134-1138 CR1903440P Sept 9 Nouse 5

b 87-1139-1143 CR2929029K Sept 2 G. Pig S Issued
Sept 16 87-1147-1151 CR1903440P Sept 9 Nouse 5 Issued
Sept 18 87-1153-1156 CR1991093P Sept 16 Rat 4
Sept 25 87-1163-1166 CR2722817K Sept 24 Mouse (Retired) ¢

. 87-1167-1169 CR2722818K . Rat (Retired) 3
Sept 30 87-1172-1176 CR1991093P Sept 16 Rat 5 Issued

. 87-1177-1181 CR2929020K Sept 23 G. Pig 5
Oct 2 87-1183-1187 CR1903440P Sept 30 Mouse 5

. 87-1188-1192 CR2929029K Sept 23 G. Pig S5 Issued
Oct 7 87-1201-1205 CR1903440P Sept 30 Mouse 5 Issued
Oct 9 87-1210-1214 CR2929020K Oct 7 G. Pig S
Oct 14 87-1218 HBagelton Oct 13 Rabbit 1

. 87-1219-1223 CR2929029K Oct 7 G. Pig S Issued
Oct 16 07-1225-1229 CR1001169P Oct 1¢ Rat )
Oct 21 87-1232-1236 CR1001169P . Rat 5 Issued
Oct 28 87-1252-1256 CR1903440P Oct 21 Mouse 5

d 87-1257-1261 CR1903440P - Nouse S Issued
Oct 30 87-1266-1268 CR2722818K Oct 28 Rat {Retired) 3

. 87-1269-1272 CR2722817K . Mouse (Retired) ¢

. 87-1273-1277 CR2929020K - G. Pig Y
Nov ¢ 87-1291-1295 CR2929029K Oct 28 G. Pig 5 Issued
Bov 6 87-1300-1304 CR1903440P BNov ¢ Mouse 5
Rov 13 87-1334-1338 CR1903¢40P . Mouse S Issued
Bov 18 87-1354-1358 CR2929020K BHNov 11 G. Pig 5

. 87-135%9-1363 CR2929029K . G. Pig 5 Issued
Bov 20 87-1368 Hagelton Mov 17 Rabbit 1 Issued

. 87-1369-1373 CR1903440P DMNov 18 Mouse -3
Bov 25 87-1376-1380 CR1903440 . MNouse S Issued
Dec 2 87-1387-1389 CR2722818K DMov 25 Rat (Retired) 3

- 87-1390-1393 CR272281 7R . Mouse (Retired) ¢
Dec ¢ €7-1394-1398 CR19034¢40P Dec 2 Mouse S

. 87-1399-1403 CR2929029Kk DMov 25 6. Pig -3

d 87-1404-1407 CR2929029K . G. Pig 4 Issued
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DATE OF
EECROPSY

Dec 9
Dec 11
Dec 16
Jan ¢
Jan 6

Jan 7
Jan 13

Jan 1%
Jan 20

Jan 22

Please feel free to contact me at 301-671-3389 for any further
Reports are due ay

PATHOLOGY
ACCESSION NO.

B7-1422-1426
87-1431-1435
87-1437-144¢1
88-0001-000¢
88-0005-0007
88-0008-0012
88-0013-0017
88-0019

88-0020-002¢
88-0025-0029
88-0032-0035
88-0039

88-0056

88-0057-0061
88-0071-0075
88-0088-0092
88-0093

868-0110-0114¢
88-0115

SOURCE

CR190344¢0P
CR1903440P
CR1903440P
CR2722817K
CR2722818K
CR2929020K
CR2929029K
Hazelton
CR1026572P
CRDEC
CR1903440P
CR1903440P
Hazelton
CR19034¢0P
CR2929020K
CR2929029K
Hagzelton
CR1903440P
Hazelton

RECEIVED

Dec 2
Dec 9
.

Dec 23
Dec 23

Jan 5
Dec 30
Nov 17
Jan 6
Jan 6
Jan S
Jan 6
Jan 13

Jan 19
Jan 20
Jan 19

inforsation required in processing/evaluation.
office at your convenience.

Sincerely,

A _

John S.
Contracting Representative
Comparative Pathology Branch

ACKNOWLEDGE RECEIPT OF TISSUES

AR “Frn

/J‘ilﬁ/
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SPECIES BUNBER

Mouse S Issued

Mouse L)

Mouse S Issued

Mouse (Retired) ¢

Rat (Retired) 3

G. Pig 5

G. Pig 5 Issued

Rabbit 1

Rat S Issued

Rat -]

Mouse 4

Mouse ) |

Rabbit 1 Issued

Mouse 5 Issued

G. Pig s

G. Pig 5 Issued

Rabbit 1l

Mouse )

Rabbit 1l Issued
TOTAL 222
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INDIVIDUAL ANIMAL PATHOLOGY REPORT

SPONSOR: USAMRICD SHIPMENT NO.: 1 PATR. NO.: 88-0025
SPECIES: Rat SOURCE: CRDEC ANIMAL NO.: 1

BODY WEIGHT: 306
GROSS OBSERVATIONS:
Liver slightly fat.

MICROSCOPIC FINDINGS:
Tongue- vascular mineralization, moderate

TISSUES MISSING: none

COMMENT ;
The vascular mineralization in the tongue was considered to be an

incidentsal finding, of no eignificance to colony management. There was no

microstopic correlate of the gross observation in the liver.

INDIVIDUAL ANIMAL PATHOLOGY REPORT

SPONSOR: USAMRICD SHIPMENT NO.: 1 PATH. NO.: 88-0026
SPECIES: Rat SOURCE: CRDEC ANIMAL NO.: 2
GROSS OBSERVATIONS: NSL BODY WEIGHT: 318

MICROSCOPIC FINDINGS:
Essentially normsl tissues

MISSING TISSUES: 1 adrenal
INDIVIDUAL ANIMAL PATHOLOGY REPORT
SPONSOR: USAMRICD SHIPMENT NO.: 1 PATH. NO.: 88-0027
SPECIES: Rat SOURCE: CRDEC ANIMAL NO.: 3
BODY WEIGHT: NS
GROSS OBSERVATIONS:

3x3x2 =m oval shaped mass, hard, attached to peritoneal fat

MICROSCOPIC FINDINGS:
Peritoneal cavity- fat necrosis, focal, moderate

MISSING TISSUES: mandibular lymph node, 1 adrenal

COMMENT:

Fat necrosis in the peritoneal cavity is a common incidental finding,
presumably & result of strangulation of a small mass of normal fatty
tissue. It is considered to be of no significance to colony management,
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INDIVIDUAL ANIMAL PATHOLOGY REPORT

SPONSOR: USAMRICD SHIPMENT NO.: 1 PATH. NO.: 88-0028
SPECIES: Ret SOURCE: CRDEC ANIMAL NO.: 4
GROSS OBSERVATIONS: NSL BODY WEIGHT: 337

MICROSCOPIC FINDINGS:
Egsentially normal tissues

MISSING TISSUES: none

INDIVIDUAL ANIMAL PATHOLOGY REPORT

SPONSOR: USAMRICD SHIPMENT NO.: 1 PATH, NO.: 88-0029
SPECIES: Rat SOURCE: CRDEC ANIMAL NO.: 5
GROSS OBSERVATIONS: NSL BODY WEIGHT: 32

MICROSCOPIC FINDINGS:
Essentially normal tissues

MISSING TISSUES: 1 adrenal, Harderian glends
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COMPARATIVE ACUTE INHALATION SCREEN OF TITANIUM OXIDE AND GRAPHITE DUSTS

BODY WEIGHT SUMMARY

PROTOCOL-22087000A217

SYNTHETIC NATURAL TITANIUM CONTROLS
GRAPHITE GRAPHITE OXIDE
11-13-87 x 245.16 247.19 247.22 246.09
s 8.95 7.47 9.13 9.41
11-20-87 x 259,28 263.06 264.38 260.00
s 10.05 7.69 9.40 9.48
11-28-87 x 274 .81 276.19 279.53 275.06
s 9.67 8.42 10.96 9.80
12-04-87 x 285.56 289.63 291.16 287.44
s 12.20 8.43 12.02 10.13
12-11-87 x 291.25 296.09 297.19 290.63
s 12.24 8.86 12.22 11.54
12-13-87 x 292.09 293,31 295.38 287.69
s 12.15 9.35 12.34 10.37
12-14-87 x 289.47 292.91 293.91 288.41
s 12.48 9.05 12.29 10.59
12-15-87 x 289.09 291.34 292.66 287.38
s 12.48 8.63 12.93 10.86
12-16-87 x 288.69 291.31 292.16 288.03
s 12.49 9.10 12.27 10.71
12-18-87 x 290.69 287 .44 295.06 291.50
s 14.11 8.24 7.31 13.11
12-25-87 x 298 .44 299.31 304.44 297.19
s 14.88 11.01 6.12 13.40
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DATA ANALYSIS - BODY WEIGHTS OF MALE FISCHER 344 RATS
PROTOCOL-22087000A217

BARTLETT'S TEST ANOVA(oneway)

SYNTHETIC NATURAL TITANIUM CONTROL SYNTHETIC
GRAPHITE GRAPHITE OXIDE GRAPHITE

11-13-87 NS NS NS NS

11-20-87 NS NS NS NS

11-27-87 NS NS NS NS

12-04-87 NS NS NS NS

12-11-87 NS NS NS NS

12-13-87 NS NS NS NS

12-14-87 NS NS NS NS

12-15-87 NS NS NS NS

12-16-87 NS NS NS NS

12-18-87 NS NS NS NS

12-25-87 SIG NS NS NS NS
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WEIGHT TABLE 1 CONTROL GROUP
13 NOVEMBER 1987 - 25 DECEMBER 1987

Ip# 11713 11720 11/28 12/04 12/11 12/13 12/14 12715 12716 12718 12/25

400 237 252 - 269 281 282 280 280 281 281
401 252 264 276 290 289 285 285 285 288
402 235 254 268 283 284 282 281 276 277
403 254 261 276 293 293 288 290 286 288
404 238 253 268 284 283 277 277 277 278
405 264 276 291 309 313 311 307 304 304
406 254 263 279 289 294 294 296 296 295
407 232 249 266 282 283 286 287 285 284
408 247 256 269 275 278 279 280 277 281
409 254 273 290 294 302 295 296 295 297
410 235 247 263 275 277 279 280 278 280
411 256 266 279 289 297 294 296 297 297
412 255 273 284 300 303 298 302 300 301
413 260 272 287 297 304 301 300 301 301
414 234 246 260 272 270 268 271 272 272
416 245 262 273 286 286 288 289 287 285
415 254 269 285 297 302 300 298 299 298 302 294
418 251 264 280 283 294 292 293 296 294 295 303
419 249 266 284 289 299 293 291 294 293 297 300
420 237 256 269 284 288 280 283 283 283 - 283 283
421 234 254 266 280 283 281 282 281 281 283 289
422 230 238 250 264 265 262 262 260 260 262 269
423 252 264 281 294 298 294 295 291 293 295 303
424 244 261 279 291 295 296 295 295 293 296 299
425 241 256 273 288 292 292 293 293 294 299 304
426 238 250 270 281 285 280 280 280 282 287 299
427 251 263 273 282 281 282 284 283 284 286 292
428 257 269 287 303 307 302 304 303 305 313 318
429 250 264 279 290 295 284 282 280 283 291 308
430 251 266 280 293 294 289 289 286 288 286 291
431 251 270 288 307 310 302 307 304 306 314 322
432 233 243 260 273 - 274 272 274 271 271 275 281

X 246.09 264.15 279.12 287.50 287.50 287.91 288.41 287.38 288.03 291.50 297.19
s 9.41 6.79 7.21 10.04 10.04 10.46 10.59 10.86 10.71 13.11 13.40
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WEIGHT TABLE 2 SYNTHETIC GRAPHITE EXPOSURE GROUP
13 NOVEMBER 1987 - 25 DECEMBER 1987

ID# 11/13 11720 11728 12704 12/13% 12/13 12/14 12715 12/16 12/18 12/25
433 244 254 269 277 280 276 275 273 271

434 253 271 287 304 310 307 301 301 297

435 248 260 275 285 294 293 290 292 291

436 253 262 277 288 297 295 293 290 288

437 229 245 263 267 276 273 272 271 267

438 243 258 270 281 284 284 281 285 285

439 239 250 265 275 278 278 276 276 279

440 245 253 265 274 281 278 277 275 274

441 258 272 292 307 313 306 307 307 307

442 250 263 283 301 310 301 300 298 297

443 235 254 272 288 302 299 300 301 299

444 235 250 269 281 282 278 279 276 277

445 245 259 273 285 290 288 288 285 284

446 248 265 284 291 306 306 303 300 301

447 247 263 283 299 307 296 295 297 297

448 244 258 270 282 289 289 289 287 285

449 234 244 260 267 274 275 271 272 272 272 279
450 238 252 271 277 284 284 283 283 284 284 295
451 247 264 278 284 289 292 289 287 288 287 300
452 239 257 277 283 292 290 291 290 293 292 294
453 242 263 276 290 295 295 296 297 298 299 301
454 243 258 275 288 295 297 293 294 294 296 301
455 247 261 275 287 295 295 294 293 293 294 305
456 248 263 278 291 288 293 294 291 292 293 308
457 229 240 253 267 272 271 262 265 264 265 270
458 259 276 288 304 308 306 301 304 301 306 317
459 232 248 261 269 278 276 275 275 274 274 282
460 259 273 285 292 304 307 304 306 306 307 313
461 242 255 264 267 275 276 273 273 273 273 279
462 246 258 274 282 290 293 293 292 295 295 302
463 262 274 285 292 306 306 303 300 298 298 304
464 262 283 297 313 303 317 315 315 314 316 325

--------------------------------------------------------------------------

x 245.16 259.56 274.81 285.56 292.09 291.25 289.47 289.09 288.69 290.69 298.44
s 8.95 9.76 9.67 12.20 12.15 12.24 12.48 12.48 12.49 14.11 14.88
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WEIGHT TABLE-3  NATURAL GRAPHITE EXPOSURE GROUP
13 NOVEMBER 1987- 25 DECEMBER 1987

ID# 11713 11720 11728 12/04 12711 12/13 12/14 12/15 12716 12/18 12/25

465 242 259 271 283 292 291 289 285 286
466 259 273 280 297 309 309 309 304 304
467 243 256 267 277 286 287 285 286 287
468 253 270 286 298 301 297 293 291 296
469 256 265 283 296 306 303 298 297 297
470 249 264 285 289 300 302 299 300 300
471 236 249 262 274 279 281 279 279 274
472 260 274 288 299 305 305 304 302 301
473 243 261 277 291 296 294 294 294 293
474 254 272 284 295 307 308 307 304 306
475 248 263 273 285 294 293 295 290 291
476 244 255 270 285 293 290 291 294 296
477 248 265 278 291 301 297 299 300 301
478 251 268 287 302 309 308 306 303 302
479 238 258 263 287 297 296 294 293 292
480 247 263 272 285 295 294 293 291 291
481 232 244 258 265 274 268 268 268 266 265 277
482 244 264 282 293 295 288 287 287 285 286 300
483 248 269 284 297 304 298 302 300 299 295 304
484 247 260 275 289 294 292 291 290 289 290 299
485 241 254 267 279 280 277 278 278 276 278 285
486 260 274 281 296 301 297 298 297 297 296 305
487 244 263 271 286 292 285 289 288 287 281 294
488 244 259 265 290 292 290 287 285 284 286 293
489 241 259 270 287 291 293 293 290 288 291 301
490 258 276 284 293 300 296 297 291 293 293 303
491 247 271 283 295 294 288 289 286 287 288 325
492 248 259 274 290 291 289 290 287 291 286 296
493 260 273 291 307 312 307 305 305 303 299 313
494 245 264 278 295 302 293 294 290 291 292 305
495 245 261 278 287 296 290 290 290 289 291 299
496 235 253 271 285 - 287 280 280 278 280 282 290

X 247.19 263.06 276.19 296.09 289.63 293.31 291.91 291.34 291.31 287.41 299.31
std 7.47 7.69 8.42 8.86 8.43 9.35 9.05 8.63 9.10 8.24 11.01

Appendix D




i WEIGHT TABLE 4 TITANIUM OXIDE EXPOSURE GROUP
Q;f 13 NOVEMBER 1987 - 25 DECEMBER 1987

ID# 11/13 11720 11728 12/04 12/11 12713 12/14 12/15 12/16 12718 12/25
L e S
497 283 301 324 341 352 351 350 352 349
498 229 244 259 271 282 280 277 274 278

499 247 268 285 292 293 293 294 293 290

500 255 270 288 297 293 302 300 298 300

501 250 269 285 298 305 304 303 302 299

502 240 260 277 292 295 291 292 290 289

503 254 264 275 290 296 293 292 295 292

504 251 268 284 297 301 302 302 302 302

505 239 254 269 276 289 285 285 283 287
i 506 245 263 278 291 300 298 295 293 293

b 507 246 264 282 291 296 297 295 293 293
- 508 242 256 272 282 284 291 290 288 286
509 242 264 280 285 295 291 293 292 288
510 243 255 265 280 280 284 280 281 279
511 252 269 283 300 300 303 298 296 297
512 244 262 278 292 296 294 295 294 291
513 247 269 282 296 300 292 293 293 295 304 315
514 248 263 280 289 293 292 287 285 285 288 298
515 252 268 281 296 307 305 299 301 299 306 311
516 258 272 289 299 300 297 290 292 290 295 301
517 251 263 273 282 292 285 287 285 284 288 295
518 252 274 292 306 307 302 302 300 299 304 313
519 241 263 280 292 296 289 288 287 286 283 305
520 240 257 273 281 287 283 282 282 283 293 297
521 245 259 270 279 289 287 285 285 286 297 309
522 240 260 279 286 297 292 291 288 287 293 303
523 258 276 286 301 312 310 307 306 305 309 310
524 242 258 273 284 293 292 287 287 290 295 302
525 243 263 270 287 296 292 289 288 287 294 308
526 252 269 286 292 296 294 294 290 287 292 300
527 240 256 270 285 290 287 288 283 282 288 298
528 240 259 277 287 298 294 295 287 291 292 306

- X 247.22 263.59 277.94 291.16 297.19 295.38 293.34 292.66 292.16 295.06 306:22
std 9.13 10.33 11.83 12.02 12.22 12.34 12.03 12.93 17.06 7.31 6.12
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ORGAN/BODY RATIOS OF MALE FISCHER 344 RATS EXPOSED TO SYNTHETIC
GRAPHITE, NATURAL GRAPHITE, AND TITANIUM OXIDE

24 HOUR POST EXPOSURE
CONTROL

ANIMAL BODY WT ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES
NUMBER (GMS.) x10°% x10-3 x10-3  x10-3 x10-2 x10-3 x10-2

400 280.4 2.07 6.53 3.21 8.45 4.13 4.39 1.06
401 288.4 2.25 6.21 3.22 8.60 4.37 4.06 1.03
402 279.8 1.82 6.65 3.43 8.33 4.09 4.43 1.05
403 292.2 2.57 6.16 3.35 8.49 4.36 3.83 0.97
404 279.0 1.51 6.60 3.26 8.39 4.29 4.23 1.03
405 306.5 2.09 6.39 3.39 8.97 4.24 4.25 1.09
406 295.9 2.30 6.49 3.24 8.25 4.34 4.93 0.96
407 284.3 1.90 6.58 3.34 7.84 4.07 4.43 1.06
408 278.8 2.19 6.60 3.26 7.96 4.10 4.34 0.95
409 298.1 2.08 6.27 3.29 8.52 4.16 3.59 0.97
x 288.34 2.08 6.45 3.30 8.38 4.22 4.25 1.02
std.dev. 9.59 0.29 0.18 0.07 0.32 0.12 0.37 0.05

SYNTHETIC GRAFPHITE

ANIMAL BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES

NUMBER (GMS.)  x10°% x10-3 x10-3  x10-3 x10-2 x10-3 x10-2
433 272.0 1.88 6.51 2.98 8.27 4.63  4.26  0.98
434 294.3 2.17 6.49 3.26 8.05 4.23 4.89 1.02
435 286.6 2.02. 6.63 3.14 7.92 3,99 5.06 1.00
436 284.9 1.97 6.60 3.19 8.11 3.76 4.53  1.02
437 266.1 1.84 6.76 3.42 7.93  3.77 4.69 1.15
438 284.5 1.83 6.43 3.06 8.19 4.45 4.75 0.99
439 275.4 2.40 6.79 3.30 8.39 4.83 4.87 1.08
440 273.2 1.79 6.00 3.37 9.15 4.03 4.98  0.99
441 305.1 2.03 6.19 3.38 8.06 4.15 4.33  0.99 -
442 296.3 2.02 6.38 3.41 8.3 5.05 4.59  1.03

x 283.84  2.00 6.48 3.25 8.26  4.29  4.70  1.03
std.dev 12.32  1.84 0.24 0.15 0.36 0.44 0.27 0.05
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ORGAN/BODY RATIOS OF MALE FISCHER 344 BRATS EXPOSED TO
SYNTHETIC GRAPHITE, NATURAL GRAPHITE, AND TITANIUM OXIDE

24 HOUR POST EXPOSURE

RATURAL GRAPHITE

ANIMAL BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES
NUMBER (GNMS.) x10°3  x10°3 x10-3  x10-3 x10°2 x10-3 x10-2

465 281.7 2.50 6.67 3.48 8.27 4.12 4.76 1.02
466 304.7 2.10 6.20 3.05 7.75 4.13 5.55 1.03
467 284.2 1.97 6.40 3.24 8.09 3.88 4.75 1.02
468 293.8 1.94 6.43 3.34 8.07 4.16 4.96 1.03
469 297.0 1.58 6.40 3.13 8.18 4.20 4.16 1.05
470 296.4 2.02 6.31 3.31 7.96 4.43 4.52 1.04
471 273.7 2,23 6.69 3.29 7.53 3.87 5.52 1.15
472 301.3 1.66 6.27 3.22 7.73 4.08 5.01 1.05
473 290.3 2.14 6.54 3.03 8.10 4.11 4.34 1.10
474 304.5 2.04 6.01 3.12 7.88 4.39 5.19 0.99
X 292.76 2.12 6.39 3.22 7.96 4.14 4.92 1.05
std.dev. 10.28 0.40 0.21 0.14 0.23 0.18 0.41 0.01

TITANIUM OXIDE

ARIMAL BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES
NUMBER (GMS.)  x10°4  x10-3 x10-3 x10-3 x10-2 x10-3 x10-2

497 354.7 2.20 5.44 3,07 8.18 4.96 4.31 0.91
498 377.3 2.31 6.67 3.28 7.86 4.08 4.58 0.91
499 293.7 2.32 6.37 3.20 8.04 4.28 4.60 1.07
500 300.4 2.03 6.19 2.20 7.56 4.32 5.23 1.04
501 302.2 1.65 6.12 2.98 7.91 4,046 4.47 1.03
502 290.4 1.76 6.37 3.17 7.58 4,14 4.44 0.95
503 292.3 2.53 6.29 3.11 8.18 4.39 4.24 1.03
504 303.2 1.81 6.56 3.27 7.78 3.78  5.15 0.96

- 505 290.3 2.07 6.37 3.20 7.82 2.90 4.44 1.01
506 297.4 1.75 6.32 3.26 7.83 4.70 4.64 1.02

x 300.19 2.04 6.27 3.17 7.87 4.16 4.61 1.00
std.dev. 20.59 0.30 0.33 0.10 0.21 0.56 0.33 0.0
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ORGAN/BODY RATIOS OF MALE FISCHER 344 RATS EXPOSED TO
SYNTHETIC GRAPHITE, NATURAL GRAPHITE, AND TITIANIUM OXIDE

14 DAY POST EXPOSURE

CONTROL
ANTMAL BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES
NUMBER (GMS.) x10-4 x10-3 x10°3 x10-3 x10-2 x10-3 «x10-2

415  313.30 1.83 5.67 2.71 7.24 3.5 3.59  0.90
418  307.50 1.14 6.10 2.9 7.22 3.55 4.09 0.98
419  302.90 1.16 6.09 2.83 7.69 3.80 4.00 0.98
420 289.10 1.27 6.36 2.71 7.33 3.42 4.28 1.01
421  293.40 1.25 6.27 2.43 6.94 3.12 3.81 0.96
422  276.50 1.25 6.55 2.86 7.05 3.60 3.95 1.08
423 306.20 1.48 6.3 3.20 8.09 4.12 4.51 1.02
424 311.00 1.23 6.01 2.53 7.19 3.78 4.12 0.93
425 314.80 1.53 5.75 2.59 7.31 3.60 3.65 0.96
426 303.70 1.38 5.95 2.84 7.46 4.22 3.13  0.95
x  301.84 1.35 6.11 2.76 7.35 3.68 3.91 0.98
std.dev. 12.09 0.21 0.28 0.22 0.33 0.32 0.39 0.05

SYNTHETIC GRAPHITE )
ANTMAL BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES
NUMBER (GMS.) x10-4  x10-3  x10-3 x10-3 x10-2 x10-3 x10-2

449  280.40 1.52 6.63 3.25 8.12 3.86 4.07 1.03
450 297.50 1.18 6.26 2.82 7.46 3.47 3.60 0.92
451 306.80 1.40 6.00 2.70 7.08 3.50 4.15 0.95
452 306.40 1.25 6.31 2.62 7.34 3.59 4.48 0.82
453  306.50 1.57 6.20 2.58 7.20 3.40 4.00 0.95
454  306.00 1.45 5.96 2.87 ~ 7.26 4.01 3.16 0.9
455 313.90 1.33 6.00 2.71 7.11 3.85 4.18 0.93
456 317.70 1.15 5.88 2.74 7.16 3.65 3.95 0.94
457 277.80 1.35 6.53 2.69 7.88 3.53 3.92 0.98
458 324.80 1.46 5.92 2.73 7.64 3.98 4.17 0.92

x 303.78 1.37 6.17 2.77 7.43 3.68 4,01 0.94
std.dev. 15.01 0.14 0.26 0.19 0.35 0.22 0.27 0.05
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ORGAN/BODY RATIOS OF MALE FISCHER 344 RATS EXPOSED TO SYNTHETIC
GRAPHITE, NATURAL GRAPHITE, AND TITANIUM OXIDE

14 DAY POST EXPOSURE
NATURAL GRAPHITE

ANIMAL BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES
NUMBER (GMS.) x10°% x10-3 x10-3  x10-3 x10-2 x10-3 x10-2

481 281.3 1.23 6.42 2.91 7.57 3.54 4.18 0.92
482 307.3 1.34 6.16 2.82 7.43 3.45 4.16 0.98
483 308.1 0.95 6.10 2.64 7.19 3.27 3.80 0.97
484 301.8 1.34 6.18 2.67 7.47 3.42 4.11 1.01
485 288.9 1.42 6.36 2.99 7.01 3. 4.41 1.00
486 314.4 1.27 5.99 2.92 7.57 3.64 3.9 0.99
487 297.8 1.15 6.26 2.62 6.97 3.42 4.23 0.92
488 293.3 1.27 6.45 2.50 7.27 3.24 4.33 1.03
489 309.6 1.43 6.10 2.45 6.68 3.59 3.34 0.92
490 315.8 1.02 5.95 2.80 7.81 3.81 4.70 0.95
X 301.83 1.24 6.20 2.73 7.00 3.5 4.16 0.97
std.dev. 11.36 0.16 0.17 0.18 1.04 0.18 0.40 0.04

TITANIUM OXIDE

ANIMAL BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES
NUMBER (GMS.) x10-4 x10-3 x10°3  x10°3 x10°2 x10-3 x10-2

497 354.70 2.20 5.44 3.07 8.18 4.96 4.31 0.91
498 277.30 2.31 6.67 3.28 7.86 4.08 4.58 1.07
499 293.70 2.32 6.37 3.20 8.04 4.28 4.60 1.04
500 300.40 2.03 6.19 3.20 7.56 4.32 5.23 1.03
501 302.20 1.65 6.12 2.98 7.91 4.04 4.47 0.95
502 290.40 1.76 6.37 3.17 7.58 4.14 4.44 1.03
503 292.30 2.53 6.29 3.11 8.18 4.39 4.24 0.96
504 303.20 1.81 6.56 3.27 7.78 3.78 5.15 1.02
505 290.30 2.07 6.37 3.20 7.82 2.90 4.44 1.0
506 297.40 1.75 6.32 3.26 7.83 4.70 4.64 1.02
x 300.19 2.04 6.27 3.17 7.87 4.16 4.16 1.00
std.dev. 20.59 0.30 0.33 0.10 0.21 0.56 0.33 0.05
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DATA ANALYSIS
ORGAN/BODY RATIOS OF MALE FISCHER 344 RATS EXPOSED TO SYNTHETIC
GRAPHITE, NATURAL GRAPHITE, AND TITANIUM OXIDE

24 HOURS POST EXPOSURE

BODY WT. ADRENALS BRAIN HEART KIDNEY LIVER LUNGS TESTES

BARTLETT'S NS NS NS NS NS SIG NS SIG
ANOVA SIG NS
DUNNETT’S NS

F-TEST

KRUSKAL-WALLIS

14 DAY POST EXPOSURE

BODY WT. ADRENALS BRAIN HEART KIDNEYS LIVER LUNGS TESTES

BARTLETT’S NS NS NS NS SIG SIG NS NS
ANOVA SIG SIG
DUNNETT’S SIG SIG

F-TEST NS NS

KRUSKAL-WALLIS
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H5HB-MO-B

~ MEMORANDUM FOR Cdr, US Army Chemical Research, Development and
Engineering Center, ATTN: SMCCR-RST-E. Absrdeen Provinag Ground, MD
21010-5428

SUBJECT: Exposure of Rat Ears to Stressful Noise Levels

1. In reference to a question from Dr. Sandi Thomson on 10 November
concerning noise exposure for rats being used as subject in an
inhalation experiment, the following information is provided.

2. The noise in question is a8 broad bend noize with the greatest
concentration of energy at 1000 Hz. Measured on a8 linear scale, the
intensity of the noise is 91 decibels (dB) when mezsured with ejither &
174 inch or 1/2 inch microphone. 0f these two microphones, only the 1/¢
inch ijis sensjtive at the frequencies which rats hear best (40,000 Hz).
The enclosed graph gives the 1/3 octave levels as measur2d with the 1/4¢
inch microphone.

3. PBased on published research (references Sa and b), it is improbable
that the noise levels below 5,000 Hz wil) cause any stress. Rats are
relatively insensitive at these frequencies (reference Sc) and they fail
to 3sveid noise Jevels as high as 100 dB when the spectrum |is
biased toward these lower frequencies. Thus, the concentration of
energy at 1,000 Hz can be ignored. ’

4. Rats will, however, actively avoid pulsed noise in the 20,000 to
30,000 Hz range at levels of 9% dB (reference Sd). Since the noise {n
the inhalation booth is steady rather than pulsed and 22 dBR Jower than
the level found to generate active avoidance, it is reasonable to assume
that the noise will not introduce additional]l stress. In human hearing,
& reduction of 10 dB equates to a halving of subj)ective loudness, and &
reduction of 20 dB equates to cutting the loudness to one fourth of its
initia) valvye.

S. References.
a. Myers, A.XK. Contradjctory evidence f{or aversion to auditory
stimuli resulting from different test methods. Journal] of Comparastive

and Physiological Psychology. 64: 171-175, 1967.

b. Sprock, C. M., WE Howard and F.C. Jldacob, Sound as & deterrent to
rats and mice. Journal of Wildlife Management. 31: 729-741, 1967.
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¢c. Gourevitch, G. and M. H. Hack, Audibility in the rat, Journsal of
Comparatjve and Physiological Psychology. 62: 289-291, 1966.

d. Belluzzi, J. D. and §S.P. Grossman, Avoidance learning motivated by
high-frequency sound and electric =heck. 4: 371-373, 1969.

GEORGE A. LUZ
Program Manager
Environmental Noise
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APPENDIX E. AEROSOL CONCENTRATION MEASUREMENTS DURING
EXPOSURES AND AUXILIARY CHAMBER
MEASUREMENTS
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SUMMARY OF AEROSOL CONCENTRATION MEASUREMENTS DURING EXPOSURES

EXPOSURE DAY #1 13-Dec-87
Protocol #220870004A217
3
Aerosol Concentration, mg/m
Chamber #2 Chamber #3 Chamber #4
Elapsed Natural Synthetic Titanium
Time, min. Graphite Graphite Dioxide
16 85.7 124 68.3
42 128 102 80.3
73 112 126 95.8
109 140 100 89.9
133 122 86.7 85.7
163 133 98.8 110
191 122 98.1 100
211 97.3 98.5 96.4
241 82.3
DAY#1 STATISTICS
Average 117.5 104.3 82.1
Std 18.3 13.6 12.4
Max % Var. 27.1% 20.8% 25.8%
C.V. 15.6% 13.0% 13.5%
Std = Standard deviation
Max % Var. = Maximum % variation of any one measurement

from the mean.

C.V. = Coefficient of Variation
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AEROSOL CONCENTRATION MEASUREMENTS DURING EXPOSURES

EXPOSURE DAY #2 14-Dec-87
Protocol #22087000A217
3
Aeroscl Concentration, mg/m
Chamber #2 Chamber #3 Chamber #4
Elapsed Natural Synthetic Titanium
Time, min. Graphite Graphite Dioxide
11 78.2 132
35 74.5 93 135
48 94.8 105 116
60 88.1 95.9 100
86 108 93.9 122
106 101 108 121
136 105 113 91
161 93.8 104 91
180 97.7 103 97.2
208 102 111 92.8
233 89.5 102 115
DAY#2 STATISTICS
Average 95.4 100.6 110.3
Std 9.8 9.9 16.5

Max % Var. 21.9% 22.3% 22.4%
C.V. .
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SUMMARY OF AEROSOL CONCENTRATION MEASUREMENTS DURING EXPOSURES

EXPOSURE DAY #3 15-Dec-87
Protocol #22087000A217
3
Aerosol Concentration, mg/m
Chamber #2 Chamber #3 Chamber #4
Elapsed Natural Synthetic Titanium
Time, min. Graphite Graphite Dioxide
13 99.5 9z2.1 103
25 102 90.5 72.1
43 g92.5
57 82 83.5 85.9
86 83.2 89.5 88.6
112 1086 106 73.5
132 118
152 110 113 109
179 102 80 117
208 756.7 115 120
232 105 103 113
DAY#3 STATISTICS
Average 897.3 98.1 100.2
Std 11.5 11.4 17.2
Max % Var. 22.2% 17.2% 28.0%
C.vV. 11.8% 11.6% 17.2%
Std = Standard deviation
Max ¥ Var. = Maximum % variation of any one measurement

from the mean.

C.V. = Coefficient of Variation
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AEROSOL CONCENTRATION MEASUREMENTS DURING EXPOSURES

EXPOSURE DAY #4 16-Dec-87
Protocol #22087000A217
3
Aerosol Concentration, mg/m
Chamber #2 Chamber #3 Chamber #4
Elapsed Natural Synthetic Titaniua
Time, min. Graphite Graphite Dioxide
11 102 89.3 108
31 96.9 96.3 115
57 108 94.9 116
86 94.3 105 122
116 114 93 93.6
144 B2.5 101 90.3
169 99.8 92.1 85.5
198 117 121 81.7
236 91.2 97.7 103
DAY#4 STATISTICS ’
Average 100.6 98.9 101.7
Std 11 9.5 14.5
Max % Var. 18.0% 22.3% 20.0%
C.v. 10.9% 9.6% 14.3%
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F SUMMARY OF AEROSOL CONCENTRATION MEASUREMENTS DURING EXPOSURES

. Protocol #22087000A217
OVERALL EXPOSURE STATISTICS
3
Aerosol Concentration, mg/m
Chamber #2 Chamber #3 Chamber #4
Natural Synthetic Titanium
Measure Graphite Graphite Dioxide
Average 102.1 100.4 101.5
S5td 14.9 10.8 16.2
S.E. T.45 5.4 8.1
Max % Var. 22.3% 20.7% 24.1%
c.v. 14.6% 10.8% 16.0%
Std = Standard deviation
S.E. = Standard Error
Max % Var. = Average of the maximum percent variation

from each exposure day.

C.V. = Coefficient of Variation
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Kruskal-Wallis Test: Input Data - Chamber Concentraticn. meg/cubic meter

Dispersed Material

“Natu;al Synthetic Titanium
Graphite Graphite Dioxide
89.5 100 88.6
106 105 100
140 93.9 116
105 106 93.6
74.5 94.9 116
105 89.5 95.9
128 95.9 117
102 89.3 97.2
122 96.3 68.3
102 108 108
82.5 93 118
102 92.1 110
114 92.1 120
91.2 97.7 91
112 102 98.9
102 98.1 91
88 .1 113 121
101 98.8 113
108 102 122
99.8 124 115
133 111 122
99.5 83.5 90.3
122 90.5 81.7
97.7 113 96.4
117 86.7 80.3
97.3 90 109
110 93 92.3
96.9 98.5 85.7
94.3 103 92.5
93.2 121 85.5
82 103 92.8
94.8 101 95.8
108 104 132
85.7 126 103
75 .7 78.2 73.5
93.8 115 115
_________ 105 100
n=36  m==--o--- 103
n = 37 135
72.1
n = 40
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Rruskal-wallia Test - Ranke
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Kruskal-Wallis Test: Summary

Null Hvpothesie: A- o080l Copceptrstions for esch treatment are the same.

- o A e e e e e e e e e e e e e

---------------- Natural Aynthetic Titanium
Treatment . Graphite Graphite Dioxide
Rank Sum (R3S 2110.5 2041.5 2289
Number (n): 36 37 40
RSZ/ n = 123728.0 112641.1 130988.0
H Value = 0.205150

Degrees of Freedom = 2

Critical Chi-Square Value @ 0.05 significance Level = 5.991

H < §5.991, therefore, accept null hypothesis.
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Auxiliary Chamber Measurements

X
Temperature, degrees F

Chamter Day #1 Day #2 Day #3
#1 (Control) 72.8 73.3 73.8
. #2 (NG) 73.9 74.1 73.9
#3 (SG) 72.9 73.2 73.0
#4 (Tioz) 71.8 72.0 72.2

Day

* All values are the average of four measurements with a

standard deviation of +/- 1 deg. F

73.

T4.
72.
71.

0

Relative Humidity, percent *x
Chamber Day #1 Day #2 Day #3

1% (Control) 29.0 29.6 34.0

Day

** All values are the average of four measurements with a

standard deviation of +/- 1 percent oo

30.

#4

Chamber Flow Data

Chamber Flowrate, lpm ° Air Exchanges/hr
#1 (Control) 607 36.4
#2 (NG) 1182 70.9
#3 (SG) 1400 84.0
#4 (TiOz) 1051 63.1

" Average value computed from four hot wire measurements
with a coefficient of variation of 12 percent or less.

" Based on a chamber volume of 1000 liters.

Appendix E 107

-~ o

i







APPENDIX F. PATHOLOGY REPORTS
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10075 Tvler Place

E@AH Pathology Associates, Inc. Hyatt Park 11

Ijamsville, Maryviand 2175+
(301) 663-1644

PATHOLOGY REPORT
FOR

COMPARATIVE ACUTE INHALATION SCREEN OF
IRON OXIDE AND GRAPHITE DUSTS
FOUR DAY EXPOSURE WITH ONE DAY RECOVERY
PROTOCOL NO. 22087000A217

CONTRACT NO. DAAA15-85-D-0002

The view, opinions, and/or findings contained in this report are those of the author(s)
and should not be construed as an official Department of the Army position, policy, or
decision, unless so designated by other documentation.
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Final Pathology Report (24 Hr.)
Protocol No. 22087000A217
Contract No. DAAA15-85-D-0002

PATHOLOGY REPORT

COMPARATIVE ACUTE INHALATION SCREEN OF
IRON OXIDE AND GRAPHITE DUSTS
FOUR DAY EXPOSURE WITH ONE DAY RECOVERY

INTRODUCTION AND METHODS

Male F344 rats were dnvnded into four groups of twenty each, and three of the
groups were exposed to 100 mg/m? of natural graphute (Micro 65Q), synthetic graphite
(Micro 260), or titanium dioxide (substituted for iron oxide) on four consecutive days,
four hours/day. A control group of twenty rats was similarly exposed to air. Following
the repeated exposure, ten rats per group were allowed to recover for one day after
which time they were killed by carbon dioxide asphyxiation and necropsied. The
remaining rats were allowed to recover for 14 days after the final exposure before they
were killed and necropsied. The pathology findings in the 14-day recovery rats will be
presented in a later pathology report. At necropsy, the total body weight and the organ
weights of adrenals, brain, heart, kidneys, liver, lung, and testes were recorded.

All organs and tissues required by contract were processed through paraffin,
sectioned at approximately 6 um, stained with hematoxylin and eosin, and examined
microscopically. In addition to the required tissues, an attempt was made to evaluate
peribronchial lymph nodes as well. An occasional tissue was lost during necropsy or
processing and could not be examined microscopically.

RESULTS AND DISCUSSION
Gross Findings

The lungs of 8/10 rats in the group exposed to natural graphite and 4/10 rats
exposed to synthetic graphite were discolored (dark or black) as shown in Section Il
The remaining gross observations were miscellaneous, non-treatment-related
changes. No apparent differences in body or organ weights were noted between
groups (Section HI).

Gross lesions noted at necropsy or during trimming have been correlated with
microscopic diagnoses, where possible, and are listed by animal in the
CORRELATION OF GROSS AND MICROSCOPIC FINDINGS TABLE (Section VI).
Correlative microscopic findings could not be determined for all gross lesions.

Microscopic Findings

Summary data are presented in the PROJECT SUMMARY TABLES (Section V),
which lists by group the number of animals having a given lesion. Microscopic findings
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Final Pathology Report (24 Hr.)
Protocol No. 220870004217
Contract No. DAAA15-85-D-0002

for individual animals are presented by group in the TABULATED ANIMAL DATA
TABLES (Section V). The codes used in the entries in these tables are explained in
the Reports Code Table (Appendix 1), while topographic/morphologic abbreviations
are explained in the Abbreviations List (Appendix 2).

Treatment-related changes were apparent in the lungs of all rats other than the
controls. In each case, brown to black, isotropic pigment was present either free or
within macrophages in terminal airways and alveoli. Microscopically, the three types of
pigment were indistinguishable from each other. No other changes in the lungs were
associated with the pigment. Focal hemorrhage was present in at least one rat from
each group, to include the controls, and is believed to be associated with the carbon
dioxide asphyxiation. No pigment was present in the peribronchial lymph nodes.

The severity of the pigmentation was similar within and between groups. It was
graded as minimal or mild in all of the exposed rats with only 1/10, 0/10, and 3/10 rats
receiving minimal grades in the synthetic graphite, natural graphite, and titanium
dioxide groups, respectively. The reason why the pigmentation could not be seen
grossly in all exposed rats is not known.

Similar pigment was seen in the colon of two rats exposed to natural graphite
and was probably due to grooming or swallowing of material removed from the upper
or lower respiratory tract by the mucociliary apparatus.

Several lesions commonly found in rats such as cardiomyopathy and
nephropathy were present in rats in more than one dose group. In addition, thymic
hemorrhage which is probably associated with euthanasia was present in several
animals. These findings and all other lesions not mentioned are incidental findings
and should not be associated with the test substances in any way.

CONCLUSIONS -

Exposure of male F344 rats to natural graphite, synthetic graphite, or titanium
dioxide by chamber inhalation for four days, four hours/day, followed by a one day
recovery resulted in lung changes in all exposed rats consisting of pigmentation
(particulate deposition) in alveoli and terminal airways. Pigment was both free and
within macrophages. No significant differences in severity or composition of the
pigment deposition between groups could be determined.

A /55 e

“Tucas H. Brennecke, D.V.M.
Diplomate, ACVP
March 24, 1988 ﬁ
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APPENDIX I:
REPORTS CODE TABLE
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF IRON OXIDE AMD GRAPHITE DUSTS

24 HOUR POST-EXPOSURE SACRIFICE

Reports Code Table

* M Tizcues within normal histological limits
A Antolyiizs precluding adequate evaluat fon
F Pajred organ missing
t Tizsues unavailable/uncuitable for evaluation
o Tisauzs not applicable to animal

¢ Tisate:n net examined/niot required by protocol

1 mirilmal
o mil.J

Aoy ate

’
-

Nt m.er o3

) ff‘C al

] diffuzo

> multifocal

P Present

P Meoplasm, Renién

M Hoorlazm, Malignant withont Motastasis
0 Mooplazm, Malignant with Metastasis

X Motastatic Site (+)

by data entered

(.rid of Reoort)
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APPENDIX Ii:
ABBREVIATIONS LIST
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ABBREVIATIONS LIST
EPITH Epithelium
INFLAM Inflammation
OLF Olfactory
RESP Respiratory
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Il. GROSS NECROPSY FINDINGS
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Final Pathology Report (14 Day)
Protocol No. 22087000A217
Contract No. DAAA15-85-D-0002

TABLE li-1
GROSS NECROPSY FINDINGS

Dose Group Animal No, Tissye - Lesion
Control

421 Kidney - Foci
Synthetic graphite

452 Lung - Mottled

453 Pancreas - Nodule

456 Thymus - Foci

458 Lung - Grey
Natural graphite

481 Lung - Grey

482 Lung - Mottled

483 Lung - Foci

487 Lung - Dark

Bronchial lymph node - Enlarged
489 Lung - Foci
490 Lung - Grey

Mesentery - Nodule

Titanium dioxide
518 Lung - Foci
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Ill. ORGAN AND BODY WEIGHTS
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Final Pathology Report (24 Hr)
Protocol No. 22087000A217
Contract No. DAAA15-85-D-0002

Table lil-1
Organ and Body Weights (grams)

409 Control  298.1 .062 1 87 88 2. 54 14.65 1.07 290
Mean: 288.3 .060 1.86 85 242 12.39 122 2293
433 260 272.0 .051 1.77 81 .25 12.58 116 266
434 260 2843 .064 1.9 96 237 12.45 14 300
435 260 286.6 .058 1.90 80 227 11.48 145 288
436 260 284.9 .056 1.88 91 2.3 10.70 129 291
- 437 260 266.1 049 1.80 91 211 10.03 125 3.05
438 260 2845 082 1.83 87 233 12.66 135 282
439 260 275.4 .066 1.87 91 231 13.29 134 298
440 260 273.2 .049 1.64 92 215 11.02 136 27
441 260 © 305.1 062 1.89 1.03 246 12.66 132 3.0
442 260 296.3 060 1.89 1.01 247 14.96 136 3.08
Mean: 283.8 .0587 184 82 230 12.18 133 291
465 650 281.7 071 1.88 98 233 11.60 134 287
466 650 304.7 .065 189 . 83 236 12.58 169 3.15
467 650 284.2 .056 1.82 92 230 11.04 135 291
468 650 293.8 .057 189 .98 237 12.22 146 3.03
469 650 297.0 049 1.90 93 243 12.47 137 3N
470 650 296.4 060 1.87 88 236 13.13 134 3.08
471 650 273.7 .061 1.83 90 206 10.58 1.51 3.16
472 650 301.3 .050 1.86 97 233 12.29 1.51 3.7
473 650 290.3 062 1.90 88 235 11.92 126 3.19
474 650 304.5 062 1.83 95 240 13.38 158 3.04
Mean: 292.8 059 1.87 94 233 12.12 144 307
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IV. SUMMARY TABLE OF MICROSCOPIC FINDINGS BY GROUP

.
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE THHAL ATTOMN SORELEN
OF IRON OXIDE AMD GRAPHITEL DUSTS
- 24 HOUR POST-EXPOSURE SACRIFICE

...............................................................................................................................

Project Summary Table
SUMMAZY: Incidence of NEOPLASTIC and NON-KEOPLASTIC Microscopic Findings

...............................................................................................................................

PROJECT ID. N3: B-TI02 FATES: ALL
PAGE DAYS: ALL SEX: MALE
BROUP: CuNTRIL MICRI260  MICRO6S50 1102
NUMBER OF ANIMALS: 10 10 19 10
} ] ]
BRAIN $Ex 10 10 10 10
HEMOROMASE 0 1 0 0
SCIATIC NERVE PEx 1D 9 10 10
SPINAL CORD PEx 10 10 10 10
IYMBAL'S GLAND $Ex 10 10 9 9
SALIYVARY GLAND tE0 g0 19 10 10
PANCREAS $Ex 10 10 10 10
FANDIBLLAS L /MPH NoLE $Ex 10 it 10 10
THYMUS $Ex 10 10 10 10
HEMORFHASE 0 2 3 1
TRACHEA $Ex 10 10 10 10
LARYNY $Ex 10 10 10 10
THYROIDS $Er 9 10 10 10
PARATHYROIDS $Ex 9 8 9 9
PITUITARY 1Er 10 10 10 10
endfx F
Appendix 126




PATHOLOGY ASSOCIATES, INC.
v COMPARATIVE ACUTE IMHALATION SCREEN
[ OF TROM OXIDE AND GRAPHITE DUSTS
: 24 HOUR PUST=-EXPFOSURE SACRIFICE

L T L L L L T TR T T O RS P P RSP Y

Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Micrescepic Findings

enenesenssccrecsrrcanne D T L L L T e L L LT P S PR L T T Y T TR 2 P

PROJECT ID. NO: &-TI02 FATES: ALL
PAGE 2 DAYS: ALL SEX: MALE
GROUP: CONTROL  MICRO260  NICR06S0 Ti02
NUMBER OF ANIMALS: 10 10 10 10
} ) } '
LUNGS bEr 10 10 10 10
HEMORRMAGE 1 3 1 2
PISMENTATION 0 10 10 10
ARTERY-MINERALIZATIN 0 0 i 0
INTERSTITIUM-TNFLANRT N 2 0 ! 0
BRONCHTAL LYMPH NOZE YEx 3 S 12 7
1343 $Er 10 10 10 10
SCLERA-MINERALIZATION 0 0 1 2
SCLERA-TNFLAMNATION, ACUTE 0 0 0 1
CORNEA-DEGENERATION 0 0 0 1
FORESTOMACH - $Ec 10 10 17 10
GLANDULAR STCMAZY f6x {0 10 10 10
ESOPRASUS tEc 10 10 10 10
DUODENUH $Ex 10 10 i0 10
COLON $Ex 10 10 10 10
PIGMENTATION 0 0 2 0
MESENTERIC LYMPH NODE tEr 10 10 10 10
LIVER $Ex 10 10 10 10
HEPATODTAPHRAGMATIC NIDULE ! i 0 1
SPLEEN $60 10 10 10 10
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF IROM OXIDE AND GRAPHITE DUSTS
23 HOUR POST-EXPOSURE SACRIFIUE

.................................................. cean . D T Lk L L T Y pipiyietp SR A

Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscepic Findings

....... - acen D L L L R

PROJECT ID. N7: G-T[02 FATES: ALL
PAGE 3 DAYS: ALL SEX: MALE
GROUP: CONTR(L  MICRO260  MICRO650 Ti02
NUMBER GF ANIMALS: 10 10 10 ic
¢ ] ] $
HEART $Ex 10 10 10 10
CARDIOMYOPATHY 5 i 1 3
KIDNEYS $Er 10 10 10 18
NEPHPOPATHY | 2 3 3
SKELETAL MUSCLE pE 10 10 10 10
ADRENAL CORTEX $Ex- 10 10 10 10
ADRENAL MEDULLA $Ex 10 10 10 10
TESTES $Ex 10 10 10 10
SEMINAL YESICLES $Ex 10 10 10 10
SKiN $Ex 10 10 10 10
URIMARY BLADDER $Ex 10 10 10 10
NINERALIZATION ! 0 0 0
PROSTATE $Ex 10 10 10 10
BONE (STERNUN) PEx 10 10 10 10
BONE MARRCW tEx 10 10 10 10
NGSE 1Ex 10 10 10 10
OLF EPITH-INFLAM, ACUTE 0 i 6 ¢
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE IMHALATION SCREEN
OF IRON OXIDE AND GRAPHITE DUSTS
24 HOUR POST-EXPOSURE SACRIFICE

TR ST

L R et L e L T L A Y T T PO OISy

Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-NEOPLASTIC Microscopic Findings

.........................

PROJECT ID. NO: 6-TI02 FATES: ALL
PAGE 4 DAYS: ALL SEX: MALE
) GROUP: CONTROL ~ MICRO260  MICRO650 Tio2
NUMBER OF ANIMALS: 10 10 10 10
! ) { !
NOSE $Ex 10 10 10 10
RESP EPTTH-HYPERPLASIA 0 0 2 0

{End of Repert)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVEE ACUTE INHALATION SCREEM
OF IRONM Q.. 0E AND GRAPHITE DUSTS

29 HOUR POST-EXPOSURE SACRIFICE

...............................................................................................................................

. --.‘-~--~-----~--‘------------;;;;;;;-;;: G-TI;; GROUP: CONTRIL ----;;;: . DAYS:-;LL o -
PAGE 1 FATES: SCHEDULED SACRIFICE
b
BRAIN N N N ] N N N N N N
SCIATIC NERVE N N N N N N N N ” N
SFINAL COFD N N N N N N N N N N
TYMBAL'S GLAND N N N N N N N N N N
SALIVARY GLA'D N N N N N N N N ] N
PANCZEAS | N N N ] N N N ] K N
PANDIBULAR LY“PH NulE N N N N N N N N N N
THrHes N N N N N N N N N N
TRACHEA N N N NN N N N N N
LARYHX N N N N N N N N N N
THYROIDS ] N N N N N N N K N

PARATHYROIDS U ! N N N N N N N N

(Report Continued)
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PROJECT
past 2

ANIMAL ID. NO:

PITUITARY

LUNGS
HEMORRHAGE
INTERSTITIUN-INFLAMMATION

BRONCHIAL LYMPH NODE

EYE

FORESTUMACH

GLANCULAR STuMACH

£90PHARUS

DUCDENUM

coLey

HESENTERIC LYMPH NODE

LIVER
HEPATODIAPHRAGMATIC NODULE
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COMPARATIVE ACUTE INHALAYIOM SCREEN
OF TRON OXIDE AND GRAPHITE DUSTS

24 HOUK

Y ASSOCIATES,

ID: 6-TI02

(1)

6R0UP: CONTROL SEX: M
FATES: SCHEDULED SACRIFICE
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DAYS: ALL
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE IMHALLATION SCREEN
O TRON OXIDE AND GRAPHITE DUSTS
7y HOUR POST ~EXPOSURE SACRIFLCE

comrcarcaccenn .. cna D L L T P Sy Ay

[ PROJECT ID: 6-TI02  GROUP: CONTROL  SEX: M DAYS: ALL
: PAGE 1 FATES: SCHEMULED SACRIFICE
h : ANIMAL ID. NO: 400 401 402 403 408 405 406 407 403 409
SPLEEN N N N N N N N N K N
HEART N NN NN
CARDIONTOPATHY S S T S K S S
KIDNEYS NN N NN NN NN
NEPHROPATHY B
SELETAL MUSCLE NN N N N K N N KN
ADRENAL CORTEX N N N N N N N N NN
ATRENAL MEDULLA N N N N N N N N N N
TESTES NN N N NN NN NN
SEXINAL VESICLES NN N N NN NN NN
SKIN NN N K N KN % N NN
URINARY BLADOER NN NN NN N NN
NINERALIZATION N £ R T T
PROSTATE NN N N K N N N NN

{Report Continued)
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COMPARATIVE ACUTE TNHALAITTOM SCREEN
ofF IRON OXIDE AND GRAPHITE DUSTS
2 HOLIR POST -EXPOSURE SACRTFICE
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PROJECT ID: 6-T102 GROUP: CONTROL SEX: M DAYS: ALL
SAGE 4 FATES: SCHEDULED SACRIFICE
ANIMAL ID. NO: 400 401 402 403 AD4 405 406 407 402 409
BONE (STERNUM) N N N N N N N N N N
BONE MARROW N N N N N N N N N N
NOSE N N N N N N N N N N

(Report Continued)
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PATHOLOGY ASSOCIATES, INC.

»~ COMPARATIVE ACUTE IMHAL ATION SCREEN

; D IROM OXIDE AND GRAPHITE DUSTS

| 24 HOUR PUST=EXPOSUPE SACRIFICE

: .

.l Tabulated Animal Data

PROJECT ID: 6-TI02 BROUP: MICRO260  SEX: M DAYS: ALL
PAGE S FATES: SCHEDULED SACRIFICE

_ - ANIMAL 1D. NO: G334 435 436 437 438 439 a0 Ml a2
BRAIN N N N N N N N K N

4 HEMORRHAGE - - - - - - - - - {1)

h SCIATIC NERVE NooU N N N K N K NN
SPINAL C:RD N N N N N N N N N N
TYHBAL'S §iAND N N N N N N N N N N
SALIVARY GLAND N N N X N N N N N N
PANCEEAS N N N N N N N N N N
ANDIBULAR LMPY NoTE N N N N N N N N N N
THYMUS N N N N N N N N

HEMORPHAGE - - ] - ) - - - - -

TKACHEA N N N N N N N N N N
LARYNX N NN N N N N N N N
THYROIDS N N N N N N N N N N

{Report Continued)
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PATHOLOGY ASSOCIATES, INC.
CUMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXIDE AND GRAPHLTE DUSTS

24 HOUR POST-ExPOSURE SACRIFICE

W

...............................................................................................................................

PROJECT ID: G-Ti02 GA0UP: MICRO260  SEX: M PAYS: ALL
PASE 6 FATES: SCHEDULED SACRIFICE
- ANIMAL ID. NO: 433 434 435 436""437 ".;38 “439 -;;D 4] W
PARATHYROIDS N N N U N u N N N N
PITUITARY N N N N N N N N N N
LUNGS
HEMORRHAGE (0w - - - - N ¢ § -
PIGMENTATION 2 2 1 2 2 2 2 2 2 2
BRONCHIAL LYMPH NODE v N ] N N U U N ] N
EYE N N N N N N N N N N
FORESTUMACH N N N N N N N N N N
GLANDULAR STOMACH ' N N N N N ! N N N N
ESOPHAGUS N N N N N N N N N N
DUODENUM N N N N_ N N N N N ]
COLON N N N K N N N N N N
MESENTERIC LYMPH NODE N N X N N N N N N N
(Report Centinued)
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r' COMPARATIVE ACUTE INHALATION SCREEN

OF TRON OQxIDE AND GRAPHITE DUSTS
D3 HOUR FOST-FXPOSURE SACRIFICE
r_‘j.- ...............................................................................................................................
Tabulated Animal Data
PROJEST ID: 6-TI02 GROUP: MICKO260 SEX: ¥ DAYS: ALt
PASE 7 FATES: SCHEDULED SACRIFICE
_ ) ANIMAL 1D, NO: 35 434 435 436 437 433 439 40 Wl a2

LIVER N N N N N N N N N

HEPATODIAPHRAGMATIC NuDULE - - - - P - - - - -
SPLEEN N N N N N N N N N N
HEAST N N N N N N N N

CARDICUYNPATHY - - - - - 1 - - -
KIBHEYS NN NN NN NN

NEPHROPATHY 1 - - - - 1 - - - -
SYELETAL MUSCLE N N N N N N N N N N
ADRENAL CORTEY N N N N N N N N N N
ADRENAL FEDULLA N N N N N N N N N N
TESTES N N N N N N N N N N
SEMINAL YESICLES N N N N N N N N N N
SYIN N N N N N N N N N N
URINARY BLADDER N N N N N N N N N N

{Report Continued)
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PATHOLOGY ASSOCIATES, INC.
CoMPARATIVE ACUTE INHALATION SCREEM
OF IRON OXIDE AND GRAPHITE DUSTS
24 HOUR POST-EXPOSURE SACRIFICE

...............................................................................................................

................................................................................................................

PROJECT iD: 6-TI02 6ROUP: MICRO260  SEX: M DAYS: ALL
PAGE & FATES: SCHEDULED SACRIFICE
ANIMAL ID. NO: 33 348 435 456 437 438 439 40 L
PROSTATE N L] N N N N N N N
BONE (STESNLY) N N N N N N N N N
BONE HARROW N N N N N N N N N
NOSE N N N N N N N N N
OLF EPITH-INFLAM, ACUTE - - - - - - - - -

(Report Continued)
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COMPARATIVE ACUTE INHALATION SCREFM
OF TROM OXIDE AND GRAPHITE DUSTS

24 HOLIR POST-EXPOSURE SACRIFICE

"""""""""""""""" m e oo wer wsa
Piez 9 FATES: SCHEDULED SACRIFICE
.............. ;NIHAL ID. Ny: - -4;5 i 46: 467 i ;;; ";6;- -;;(.) 47; 472 A1} -
BRAIN N N N N N N N N N
SCIATIC NERVE N N N N N N N N N
SPINAL CuRp N N N N N N N N N
LYMBAL'S GLAND N N N N N N N N U
SALIVARY GLAND N N N N N N N N N
PANCREAS N N N N N N N N N
HA“DIBULAR LYNPH NODE N N N N N N N N N
THYHUS N N N N N
HEMORRHASE - 2 i - - - - 2
TRACHEA N N N N N N N N N
LARYNX N N N N | N N N N N
THYROIDS N N N N N N N N N

(Report Continued)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE THHALATTON SCREFN
0 TRON OXIDE AND GRAPHITE DUSTS
234 HOHIR POST-CXPOSURE SACRIFICE

.........................

PROJECT ID: 6-T102 GROUP: MICRUGSO  SEX: M DAYS: ALL
PAGE 10 FATES: SCHEDULED SACRIFICE
ANIMAL ID. NO: 065 466 467 468 469 470 47!
PARATHYROIDS v N N N N N N
PITUITARY N N N N N N N
LUNGS
HEMORRHAGE - - - - - -
PIGMENTATIuN 2 2 2 2 2 2 2
ARTERY-NIMERALIZATION . - - - (1
INTERSTITIUM-INFLAMMATION - - - (2) - - -
BRONCHIAL LYMPH NODE N N N N N N N
EBE - N N N N N N
SCLERA- INERALIZATISN - - - - - -
FORESTONACH ' N OOK N N N N N
BLANDULAR STCMACH N N \ N N N N
ESOPHASUS N N N N N N N
DUGDENUM N N N N N N N
COLON N N N N N N
PIGHENTATION - - - - - 1 -

(Report Continued)
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COMPARATIVE ACUTE IMHALATION SCREEM
CF TRON OXIDE AMND GRAPHITE DUSTS

24 HOUR POST=-EXPOSURE SAURIFICE

D L R Y L L LT T LY P e -~

PROJECT ID: 6-T102 GROUP: MICRG6SO  SEA: M DATS: ALL
PAGE 1) FATES: SCHEDULED SACRIFICE
ANIMAL ID. NO: 3 de6 467 466 469 470 471 472 473 4N
HESENTERIC LYMPH NulE N N N N N N N N N N
LIVER N N N N N N N ] N K
SPLEEN N N N N N N N N N N
HEART N K N N N N N N N
CARDIPHYOPATH! - - - - - 1 - - -
KIPHEYS N N N N N N N
NEFHROPATHY - - - 1 - - - - 1 ]
SKELETAL MUSCLE N N N N N N N N N N
ADRENAL CORTEX N N N N N N N N N N
ADRENAL MEDULLA N N N N N N N N N N -
TESTES N N N N N N N N N N
SEMINAL VESICLES N N N N N N N N N N
SKIN N N N N N N N N N N

{Report Continued)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCRLEN

OF IROM OXIDE AND GRAPHITE DUSTS
24 HOUR PUST-EXPOSURE SACRIFICE
Tabulated Animal Data
PROJECT ID: 6-T102 SROUP: MICROGS0  SEX: M DAYS: ALL
PAGE 12 FATES: SCHEDULED SACRIFICE
ANINAL ID. WO: 465 466 467 468 469 470 471 472 473 AN
URINARY BLADBER ' N N N N N N N N N N
PROSTATE N N N N N N N N N N
BONE (STERNUM) N N N N N N N N N N
BONE MARR N N N N N N N N N N
NOSE N N N N N N N
RESP EFITH-HYPERPLASIA - - - - - - - m () -

{Report Centinued)
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i PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXIDE AMD GRAPHITE DUSTS
24 MHOUR POST-EXPUSLIRE SACRIFICE
l.' ---------------------------- R T D D D L T R Lt L Ll b LT S,
h Tabulated Animal Data
' PROJECT ID: 6-T102 sROUP: T302 SEx: M DAYS: aLL
- PAGE 13 FATES: SCHEDULED SACRIFICE
ANIMAL ID. NO: 97 98 % 500 501 502 S03 S04 S05  S0e
BRAIN N N N N N N N N N N
SCIATIC NERVE N N N N N N N N N N
SPINAL CO8D N N N N N N N N N N
JYMBAL'S SLAND N N U N N N N N N N
SALIVARY GLAND N N N N N N N NN N
PANCREAS N N N N N N N N N N
MANDISULAR LYMPH NODE N N N N N N N N N N
THYMUS N N N N N N N N N
HENORRHAGE - - - - - - - - | -
TRACHEA N N N N N N N N N N
LARYNX N N N N N N N N N N
THYROIDS N N N N N N N N N N
(Report Continued)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE IMNHALATIOM SUREEMN

2 OF IROM OXIDE AMD GRAPHLITE DUSTS
3 D4 HOL? PUST-EXPOSURE SACRIFTCE
{ T e
h Tabulated Animal Data
B oot oo
. PROJECT 1D: 6-T102 GRuuP: Ti2 SEY: M DAYS: ALL
PAGE 14 FATES: SCHENULED SACRIFICE
ANIMAL 1D, No: 497 493 49 500 SOl  S02 SO3 S04 805 506
PASATHYROICS N N N N N ] N N N N
PIIUITARY N N N N N N N N N N
LUNGS
HEMOROYASE - - - - 1 - - - -
PIGHENTATION 2 l | 2 2 2 2 | 2 2
BRONCHIAL LYHPH NODE N ] N N ] ] N N N N
EYE N N N N N N N
SCLERA-MINERALIZATION - - - - (1) - - - - (2)
SCLERA-INFLAMMATION, ACUTE - - - - (2) - - - - -
COPNEA-DEGENERATION - - - - - - - (1) - -
FORESTONACH N N N N N N N N N N
GLANDULAR ST:vACH N N N N N N N N N N -
£S0PHAGYS N N N N N N N N N N
DUODENUM N ] N N N N N N N A
coLON N N N N N N N N N N

{Report Continued)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INMHALATION SCREEN
OF IROM OXIDE AMD GRAPHITE DUSTS
24 HOUR FOST-EXPOSURE SACRIFICE

........................... B T R et D L L D et L e R Rl e L T
Tabulated Animal Data
FROJECT ID: 6-T102 BROUP: Ti02 SEX: H PATS: ALL
PAGE 1§ FATES: SCHEDULED SACRIFICE
ANTMAL ID. NO: 97 98 ) 500 50) S02 503 S04 505 506
HESENTERIC LYMPH NODE N N N N N N N N N N
LIveER N N N N N N N N N
HEPATON] APWRACMATIC NODULE 4 - - - - - - - - -
SPLEEYN N N N N N N N N N N
HEART N N N N N N
CARDICHYOPATY/ - | \ - - . . - 1
KIDNEYS N N N N N N N
NEPHROPATHY 1 1 - - - - - - | -
SYELETAL MUSCLE N N N N N N N N N N
ADRENAL CORTEX N N N N N N N N N N
AUEEMAL PETULLA N N N N N N N N N N
TESTES ] N N N - N N N N N N
SEMINAL VESICLES N N N N N N N N N N
SKIN N N N N N N N N N N

(Report Continued)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF IRON OXIDE AND GRAPHITE DUSTS
24 iR POST-EXPOSURE SACRIFICE

...............................................................................................................................

. Tabulated Animal Data
""""""""""""""" ot o wowue ser wew
PAGE 16 FATES: SCHEDULED SACKIFICE
""""""""""""
URINARY BLADLER N N N N N N N N N N
PROSTATE N N N N N N ] ] N N
BONE {STERNUM) N N N N N N N N N N
BONE MARRCY N N N N N N N N N N
NOSE N N N N N N N N N N
{€a4 of Report)
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COMPARATIVE ACUTE INHALATION SCRUEEN
OF  JRON OXTIDE AND GRAPHITE DULTS
24 HOLIR POST-EXPOSURE SACRTFICE

F PATHOLOGY ASSOCIATES, INC.

Correlation of Gross & Micro Findings

PROJECT 1D: G-TIN2 GROLIP . COob L ROL SEX: MALE NAYS: ALL
,IA.GE 1 fl‘l.” C): IANIL
AHTHAL DD 100 FATHOLOGTIST: LG
AMIMAL FATE: SCHEIMILED <ACRIFTICE

NAYS ON TEST: 1S
RIJEREHCE TN HECROESY RfE-0nDih: RELATED HISTORATHOLOGY :
ANTHAL 1O 301 PATHOLOGIST: LB
2HIMAL FATE: SOUMEIMNLED SACOTRICE

NDAYS ON TEST: 1S
REFEREMCE TO NECFROPSY FECORD: RELATED RISTOPATHOLOGY :

SEITMAL MO o e FATHOLOGIST: LHR
FTIMAL FATE s c~aTHETI ED CACKEIVICE

DAYS ON TEST: 15
LR E T TECRAPSY RECORD: PELATED HIsDoPs ol e s -

ARTHMAL PO ans : FPATHOL G1IST e LB
AtdIMAL FATE: SCHEDULED SACRIFICE
’ DAYS ON TEST:15
REFEREHCE TO NECROPSY KECORD: RELATED HISTOPATHOLOGY :

MMAMDIBULAR LLYMPH MODE-KED NGO CGROLLARY CHANGE DETECTED

{(Roepor t Continned)
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q PATHOLOGY ASSOCIATES, INC.

1 COMPARATIVE ACUTE TNHALATTON SCREEN
OF  TRON OXTDE AND GRAFHITE [DUSTS
24 HOUR POST~EXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

ProdeeT in: 6T Lel LROUP: CONTRO, SEX: MALE DaYy<S: AlLL
- PAGE 2 FATES: ALL

AHTHMAL 10 Enn PATHOLOGTIST: L148
ARIMAL FATE: <onf it s D SACRIFICE
NAYS ON TEST:1S

REFEREMCE T NECROPSY RECORD: REILATED HISTOPATHOLOQGY :

AMTHMAL HO - LU PATHOM_O3TST: LHB
SHIMAL FATS . SOMEINNED L ACRIFTCE

DAYS ON TEST:1S
RUFERFEMCE T RUCRPSY FECORD: RELATED HISTOPATHOLOGY ¢

SUIVER, PEDRIAN LR DU, G BAMM, LIVER- HEPATODIAPHRAGMATIC NODULE
FoLtD . BROWMN, o T

SHITMAL e Iy PATHOL U317 LHRB
AMIMAL FATE: a0 T Ee LACRIFICE '
DAYS ON TEUT:15
PR RETEE Vo 0 Db sy RETCuoRD . RELATED HISTLPATHOL OGY : -
Y HOTE:  NOSE-FXTENSIVE BLOOD IN
THE CAVITY, BRUT NO O INDTICATION OF

ORTGIN O BRLOOD, 17T IS BELIEVED
TO BE A RESLLT 0OF HECROPSY .

{(Report Contirnued)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SURLEM
OF TRON OXIDE AND GRAPHITE LUSTS
24 HUUR POST-EXPOSURE SACKTHICE

Correlation of Gross & Micro Findings

FROJECT ID: 5 -TTo2 GROUP: COMTROL ShEX s MALE DAYS: ALLL
PACE S FATES: AlL -

AMTMAL NoO: G0 FarH OGIST: LR
ANTMAL FATF: = WFR D SACRIFICE
DAYS ON TEST: 1S

REFERENCE TO HECROPSY RLCORD: RELATED HISTOPATHOLOGY :

ANTMAL NO: A3 PATHOLOGTIST: LHBR
ANTHMAL FATE: “UiherDHED YACKRIFICE

DAYS N TEST: 15
REFERCHCE To RECCPGiPDY RECORD: RELATED HISTOPATIHOLOGY @

AMIMAL N RSN PATHOM OGTST: (.48
LNIMAL FATC: Sopnfflu el Y08 IFiceE

[aYys ON TESGT: 15
REFEFRIHOE Y0 RECEGRST RECORED: BELATED HISTOPATHOL DG

(Roport Copt inned)
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PATHOLOGY ASSUOCIATES, INC.

- COMPARATIVE ACUTE INYALATION SCREDCN
OF TRON OXTRE AMD GRAPHITE DUSTS
24 HOUR POt T-LXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

PROJECT ID: G-Tloz GROLP ¢

Appendix F 151

MICRED

) FAGE 4 FATES: ALL
ANIHMAL MO 433
ANIMAL FAIE: SUHELULED SACKIFICE
REFEREMCE TQ NECROFSY KECORD:
AMIMAL MO AT
AMTMAL FATE: SCHEDLLED vA(BI1FICE
REFEREMHLE T MECRGFDY RECHPD:
SLLINGS~DARK
S TMAL ."-"..’ : H05
AHIMAL FATL S SCHLIU D SACRIFTCS
FEFEREHIE 10 NECROPSY PRCOFD:
AHIHAL MO A58
LIVIMAL FATF: SUHEDULED SACRIFTOE
REFEKENCE TO NECROPSY RECORD:
SLUNG- DARK

(Fepen t

LEX: MALE DAYS: AL

PATHOLOGTST: LHA
NAYS ON TEST: 15
RELATED HISTOPATHOLOGY :

PATHOLCGGIST: LHB

DAYS oM TEST:15
RELATED HISTOPATHOLOGY &

LUHGS- PIGMENTATTON

FPATHOLOGIST: LMB
DAYS N TEST:= IS

RELATED HLICTOPATHOLOGY ¢

FATHM OGIST: LHB

DAYS ON TEST:18
RELATED HISTOPATHOLOGY :

LUMGS - PTOMENTATION

Cortiroged)




PATHOLOGY ASSOCIATES, INC.

- COMPARATIVE ACUTE TtHIALATICON SCREEN
GF LTROMN OXIDE AN GRAPHRITE DUSTS
24 HOUR POST EapbusiURE SACRIFICE

Correlation of Gross & Micro Findings

PROTECT 1D: G-Tlo2 CRAOLIP: MICRO20 SEX: MALE DAYS: AlLL
PAGE 5 FATES: ALL

ANLTMAL Hin: 4357 PATHOMLOGLST: 1LHB
AMTMAL FATE: SOHEDILED SACRIFICE

DAYS ON TEST:15
REFERENCE TO HECROPSY RECORD: RELATED HISTOPATHOLOGY :

MLIVER, MEDTAN LOBE-MODULE, «<axMM, LIVER- HEPATODIAPHRAGMATIC NODUWLE
TRREGLILAR

e e ot e dm e el e e e e A o o e o n e T e e B o = e St v A ——— - - ————— — —— o~ —— ——— - ——— "

ANIMAL HOQ. R FATHOL.OGIST: LHB
ANTMAL EATE : SCHEDULED SACRIFTILE

-y

DAYS ON TEST:15
REFERFNUE 10 NECROPSY REGOKD: RELATED HISTOPATHOLOGY @

YLUNMGS-TIARK UGS~ PTGMENTATION

AIrel Mo R PATHOL OGIST: LHB
AHTMAL FATE : SCHEDNLED SACRIFICE
[AYS ON TEST:15 -

REFUREMCE T MEOROPSY BECORD: FELATED HISTORPATHOLOGY @

(Repor t Continued)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE TMHALATION SCOREEN
OF LRON OXIDNE AND GRAPHITE DUSYS
24 HOUR POST-EXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

PROTECT [ G-T (02 nLROUP: MICROL-0 SEX: MALE DAYS: ALL
bEGE FATES: ALL

me i em e e L eml e em e i i Sm e me = e g e n e e e % . . e = = % mim = oe: . e L e - g i - —

AMIMAL MO 4430 PATHOLOGIST: LHS
FMIMAL FATFE: SCHEDNMLED SACRIFICE
DAYS ON TEST:15

REFEREMTE 10 HECROPSY RECORD: RELATED HISTOPATHOLOGY :

AMTMAL Mo 441 PATHOLOGIST: LHB
ANTHMAL FATE: SCHEDULED SACRTFICE

DAYS ON TEST:15
REFEREMNCE TO HECROPSY RECORD: RELATED HISTOPATHOLOGY :
JLUMG DARK LUNGS- PIGMENTATION

AMIMAL 0. AR PATHOLOGIST: LHB
ANIMAL FATE 2 SUHIEZTANED SALCKIFICE
DAYS N TEST:15

RUFERCHUE TO HTCROPSY RELCORD: FICLATED HISTOPATHOLOMGY @

- e — . m e e m e e e e e = ek S e e e e - el R e et e e e e o e T A im e Cm R - e Se P T = M e e e oo o - —— > _———

{(Repor t Continaed)
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: PATHOLOGY ASSOCIATES, INC.
. COMPARATIVE ACUTE INHALATIUN SCHEEN

> UF TRON OXIDE AMD GRAPHITE DUSTS
| 24 HOUR FUST-EXPUSURE SACRLF LCF

- o s e s e el ol L e e e e e e P 4 " e e e e e - = T - e v x e - ————— e & s ey an e Mo < b mear e oam oeeam m—mn —

Correlation of Gross & Micro Findings

i e e i e e e e 0

FROJEGT TD: 3-TTu GROUP: MICROLSO SEX: MALE DAYS: ALL
. PAGE 7 FATES: ALL

AMIMAL MO A PATHOLOGTIST: | HB
AVMIMAL FATE: SLHEDILED YACRIFICE

DAYS ON TEST:15
REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY -
PLUMGS-8LACK LUNGS~ PTCMENTATTON

SKIDNEYS -MOTTLED MNO O CORCLLARY CHANGE DETECTED

R I R e - P ST e e s et e e Lt e e = e s e . e % S s - - o o= T AR A e - — -~ =

ANTMAL NO hintn FATHOLOGIST: LLHB
ANIMAL FATE: SO ML ED CarRIFICE

DAYS ON TEST:15
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PATHOLOGY ASSOCIATES,

CUOMPARATIVE ACUTE
OF  TRON GXILE AHD

S HOUR POST R POSURE

FOOTECT 1D: S-Tlo2 GROUP s MICROE

PAGE o FATES: ALL

ANTIMAL 0
AMTMAL FFATE:

enin

NIME

DULFD CACRIFICE

REFERENCE TO MECRUPSY FECORD:

YPAMCREAS-NODMNE, IxXIXiIMM, NeCUND, ©ED

e

SUHEDULED

ANTMAL MO:

ANIMAL FALE: SACHIFICE

PEFLREMUE TO NECRIPSY RECORD:

SLUHGS-DAKK

LETTMAL I 200
AMIMAL FATE: o pENMHLEDN CACKRIFICE

REFERENCE 1o WECROFDY RECORD:

MEUNSS-PLACK

INC.

[tidel AT TON SCREEN
WRATHLTE IWsTs

SHACRIFICE

0 SEXY: MALFE LaySs: ALl

PATHOLOGTIST: LR
DAYS ON TEST:1S
RELATED HISTOPATHOLOGY :

t CORGLLARY CHANGE DETECTED

PATHOLOGIST: LHB
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PATHOLOGIST: LHB
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE IHHAL AT ION SCREEN
O IRON LXTIDE AMD GRATHLIE DLISTS
24 HOUR POST-EXPOSURE CACRIFICE
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Correlation of Gross & Micro Findings

PROJECT 1D G110 GROUIP: MICRO20 SEX: MALE DAY S ALL
FAGE FFATES: AlLL

ANIMAL WO : /1 FATHOLOGTST: LB
SANIMAL FATF: i 0 i h CSACRIFICE

DAYS ON TEST: 15
REFERENMCE TO NECROPSY RECORD: RELATED HISTOPATHM.OGY :

SLUMG -DARK LUNGS= PTEMEMTATTAN

ANIMAL R q4D PATHOLOGIST: LHB
ANINAL FATE: Z20BEDULED SACRIFICE

DAYS ON TEST:15
REFEKRLIINCE 10 MECROPSY RECUORD: RELATED HISTOPATHOLOGY :

PTRIM:  THYMUS-MOTILED THYHMUS= HEMORRHAGE
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ATMAL MO, e FATHOLCGGIST: ( HB
ANIMAL FATE: <O "UED “ACRIFICE

NAYS ON TEST: 15
RETFERENCE V0 MECROPSY RECORD: RLLATED HISTOPATHOLOGSY ¢

YEUNG -DakK LUNGS - PIGMURMTAYTTN
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
CF 1RON OXIDE AND GRAPHITE DUSTS
24 HOUR PUST-FXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

FROJECT 1D G-1T02 GROUP : MICROLSO SEX: MALE DAYS: ALL
PAGE 10 [FATES: ALL

ANIMAL RNO: a4 PATHOLOGIST: LHB

ANIMAL FATE: SOHERULED SALRIFTICE
AYS ON TEST:15

REFERENCE TO HECRUFSY RECURD: RELATED HISTOPATHOLOGY:

PLUNG-DARK LUNMGS~ PIGMENTATION
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF 1FRON OXIDE AND GRAPHITE DUSTS
24 HOUR POST-EXPOSURE SACRIFICE
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PROJECT 1D: G-TIO2 GROUP: Tio2 SEX: MALE DAYS: ALL
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AMTMAL HO: 397 PATHOLOGIST: LHB

ANIMAL FATE: SCHEDULED SACRIFICE
DAYS ON TEST: 15

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :
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ANIMAL FATE ;. S<CHENMILED SACRIFICE
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AMIMAL NO: S00 PATHOLOGIST: LB

ANIMAL FATE: SCHEDULED SACRIFICE
DAYS ON TEST: 16

REFERENCE TO NECROPSY RECLRD: RELATED HISTOPATHOLOGY :
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACLNE IMHALATION SCREEN
OF IRON OXIDE AND GRAFHITE DUSTS
24 HOUR POST-EXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

PROIECT ID: 1G-TIO2 GROUP: Ti02 SE4: MALE DATS: ALL
PAGE 142 FATES: ALL

AHTMAL N S0 PATHOLOGIST: LB
ANMIMAL FATE: SCHEDULED SACRIFICE

DAYS ON TEST:15
BEFERENCE 10O NECROQPSY RECCRD: RELATED HISTOPATHOLOGY :
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AHIMAL HO: c02 PATHOLOGIST: LHB
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ANTMAL HIO: =03 PATHOLOGIST: LHB
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DAYS N TEST: 1S
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ARTTMEL Mo S04 PATHOLGIST: LHB
ANIMAL PATE: SCHEDULED SACRIFICE

DAYS N TEST:15
RCFERENCE TQ MECROPSY RECQORD: RELATLD HISTOPATHOL OGY @
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P HOUR POST-E4POw e SACRIFTCLS

Correlation of Gross & Micro Findings
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ALITHAL N 5 PATHOLOGIST: LHR
ANIMAL FATE: CCREDRNID Tacpik L0E
DAYS OM TEST: 1S
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QUALITY ASSURANCE STATEMENT

This histopathology project has been inspected and audited by the quality assurance
unit as required by the Good Laboratory Practice regulations promuigated by the U.S.
Food and Drug Administration. Pathology Associates, Incorporated has a functioning
and responsive quality assurance unit which reports directly to management. The
following is a record of inspections/audits and their resuiting reports:

Date Findings Reported

Date of to Management
Inspection Phase Inspected and Study Patholoqgist
*02-08-88 Tissue Trimming 02-08-88
*02-18-88 Processing/Embedding 02-18-88
*02-18-88 Microtomy 02-18-88
*02-19-88 Staining 02-19-88
*02-19-88 Coverslipping 02-19-88
*02-19-88 Labeling 02-19-88
**03-10-88 Individual Animal Data 03-11-88
**03-10-88 Data Entry 03-11-88
**03-10-88 Computer Validation 03-11-88
**03-11-88 Draft Pathology Report 03-11-88
**03-25-88 Final Pathology Report 03-25-88

*General Monthly Phase Inspection
** inspection specific for Study Number

In concordance with the PAI Quality Assurance Division's Standard Operating
Procedures, phase inspections are routinely conducted on a random basis at a
minimum of monthly. Dates of inspection are reported for each study according to the
most recent phase inspection conducted during that period.

(hscs e Sl fopom— f1 March 25, 1988

Director, Quality Assurance Unit Date

Comparative Acute Inhalation Screen of Iron Oxide and Graphite Dusts (Four Day
Exposure With Fourteen Day Recovery)(Protocol No. 22087000A217).
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10075 Tyler Place

B@AD Pathology Associates, Inc. ,.,mmﬁéj“%a’?{-’lin’é.»m

(301) 6G3- 1644

PATHOLOGY REPORT
FOR

. ' COMPARATIVE ACUTE INHALATION SCREEN OF
: IRON OXIDE AND GRAPHITE DUSTS
FOUR DAY EXPOSURE WITH 14 DAY RECOVERY

PROTOCOL NO. 22087000A217
CONTRACT NO. DAAA15-85-D-0002

The view, opinions, and/or findings contained in this report are those of the author(s)
and should not be construed as an official Department ot the Army position, policy, or
decision, unless so designated by other documentation.

Appendix F 163

) _ |




TABLE OF CONTENTS

l Pathology Repomt.......oevimnirnnrininiiiiicccici s -1

Appendix 1: Reports Code Table
Appendix 2: Abbreviations List

. Gross Necropsy FiNGiNgS....cccovririneernienenesinceneeneceeesiene -1

.  Organ and Body Weights. . ... -1

IV. Summary Table of Microscopic Findings By Group.............. V-1
(Project Summary Table)

V. Tabulated Individual Animal Table......cccevcriinvinviiiienine, V-1
(Tabulated Animal Data Tables)

VI. Correlation of Gross and Micro Findings......occcvvvceivcevennnne Vi-1

Vil.  Quality Assurance SEAEMENL. ... ooeoeeeoeerreesreeeeseeseeesesessesssseree Vil -1

Appendix F




L. PATHOLOGY REPORT

Appendix F 165

M




Final Pathology Report (14 Day)
Protocol No. 22087000A217
Contract No. DAAA15-85-D-0002

PATHOLOGY REPORT

COMPARATIVE ACUTE INHALATION SCREEN OF
IRON OXIDE AND GRAPHITE DUSTS
FOUR DAY EXPOSURE WITH 14 DAY RECOVERY

INTRODUCTION AND METHODS

Male F344 rats were divided into four groups of twenty each, and three of the
groups were exposed to 100 mg/m3 of natural graphite (Micro 650), synthetic graphite
(Micro 260), or titanium dioxide (substituted for iron oxide) on four consecutive days,
four hours/day. A controi group of twenty rats was similarly exposed to air. Following
the repeated exposure, ten rats per group were allowed to recover for one day after
which time they were killed by carbon dioxide asphyxiation and necropsied. The body
and organ weights and pathology findings from the 24 hour recovery groups were
reported in an earlier pathology report. The remaining rats were allowed to recover for
14 days after the final exposure before they were killed and necropsied. At necropsy,
the total body weight and the organ weights of adrenals, brain, heart, kidneys, liver,
lung, and testes were recorded. The body and organ weights and pathology findings
for the 14-day recovery groups are reported herein.

All organs and tissues required by contract were processed through paraffin,
sectioned at approximately 6 um, stained with hematoxylin and eosin, and examined
microscopically. In addition to the required tissues, an attempt was made to evaluate
peribronchial lymph nodes as well. An occasional tissue was lost during necropsy or
processing and could not be examined microscopically.

RESULTS AND DISCUSSION
Gross Findings

The lungs of 6/10 rats exposed to natural graphite, 2/10 rats exposed to synthetic
graphite, and 1/10 rat exposed to titanium dioxide were discolored or mottied, or had
foci present. The gross lesions are presented in Section Il. The remaining gross
observations were miscellaneous, non-treatment-related changes. Body and organ
weights are presented in Section Ifl.

Gross lesions noted at necropsy or during trimming have been correlated with
microscopic diagnoses, where possible, and are listed by animal in the
CORRELATION OF GROSS AND MICROSCOPIC FINDINGS TABLE (Section VI).
Correlative microscopic findings could not be determined for all gross lesions.
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Final Pathology Report (14 Day)
Protocol No. 22087000A217
Contract No. DAAA15-85-D-0002

Microscopic Findings

Summary data are presented in the PROJECT SUMMARY TABLES (Section V),
which lists by group the number of animals having a given lesion. Microscopic findings
for individual animals are presented by group in the TABULATED ANIMAL DATA
TABLES (Section V). The codes used in the entries in these tables are explained in
the Reports Code Table (Appendix 1), while topographic/morphologic abbreviations
are explained in the Abbreviations List (Appendix 2).

Treatment-related changes were apparent in the lungs of all rats other than the
controls. In each case, brown to biack, isotropic pigment was present within
macrophages in terminal airways and alveoli. No apparent free pigment (extracellular)
as was seen in the 24-Hr. post-treatment groups was present in the lungs of these rats.
Microscopically, the three types of pigment were indistinguishable from each other.
However, in 6/10 rats exposed to synthetic graphite (Micro 260) and 8/10 rats exposed
to natural graphite (Micro 650) pigment-laden macrophages tended to be aggregated
in small groups (to a barely perceptible degree), more than in the rats exposed to
titanium dioxide, and more than in any of the rats in the 24-Hr. post-exposure sacrifice
groups. The only other changes in the lungs possibly associated with the treatment
were one or two tiny (minimal) foci of epithelial hyperplasia in the aiveoli and/or the
terminal bronchioles of three rats exposed to synthetic graphite and one rat exposed
to titanium dioxide. In no case were pngmented macrophages closely associated with
the hyperplasia.

Focal hemorrhage of the lung was present in at least two rats from each group, to
include the controls, and is believed to be associated with the carbon dioxide
asphyxiation. Pigment was present in the peribronchial lymph nodes of 0/5, 1/8, and
1/6 rats in the Micro 260, Micro 650, and titanium dioxide exposed groups,
respectivaly. In each case, the pigment present was very minimal (one or two
macrophages).

The severity of the lung pigmentation was nearly identical within and between
groups. It was graded as mild in all of the exposed rats. The reason why the
pigmentation could not be seen grossly in all exposed rats is not known.

Several lesions commonly found in rats such as cardiomyopathy and
nephropathy were present in rats in more than one dose group. In addition, thymic
hemorrhage which is probably associated with euthanasia was present in several
animals. These findings and all other lesions not mentioned are incidental findings
and should not be associated with the test substances in any way.
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Final Pathology Report (14 Day)
Protocol No. 22087C00A217
Contract No. DAAA15-85-D-0002

CONCLUSIONS

Exposure of male F344 rats to natural graphite, synthetic graphite, or titanium
dioxide by chamber inhalation for four days, four hours/day, followed by a 14-day
recovery period resulted in lung changes in all exposed rats consisting of pigmentation
(particulate deposition) within macrophages in alveoli and terminal airways. The
pigment-laden macrophages were slightly more clumped together in six and eight rats
in the synthetic and natural graphite-exposed groups, respectively, than in the titanium
dioxide-exposed rats. Minimal epithelial hyperplasia of the terminal bronchioles
and/or alveoli was present in three rats exposed to synthetic graphite and one rat
exposed to titanium dioxide. No other significant differences were noted between
14-day recovery groups or between the 24-Hr. and 14-day groups.

Lucas H. Brennecke, D.V.M.
Diplomate, ACVP
March 24, 1988
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Final Pathology Report (24 Hr.)
Protocol No. 22087000A217
Contract No. DAAA15-85-D-0002

TABLE lI-1
GROSS NECROPSY FINDINGS

Dose Group Animal No, Lesion
Control

403 Mandibular lymph node - Red

405 Liver - Nodule
Synthetic graphite

434 Lungs - Dark

436 Lungs - Dark

437 Liver - Nodule

438 Lungs - Dark

441 Lung - Dark
Natural graphite

465 Lungs - Black

Kidneys - Mottled

466 Lungs - Dark

467 Lung - Dark

468 Pancreas - Nodule

469 Lungs - Dark

470 Lungs - Black

471 Lung - Dark

(Trim) 472 Thymus - Mottled

473 Lung - Dark

474 Lung - Dark
Titanium dioxide '

497 Liver - Nodule
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Final Pathology Report (14 Day)
Protocol No. 22087000A217
Contract No. DAAA15-85-D-0002

Table 1li-1
] Organ and Body Weights (grams)

AnimalNo, Group  BodvWt Adrenals Brain Hean Kidneys Liver  Lungs  Testes
415 Control 313.3 057 1.77 .85 2.27 11.22 1.13 282
418 Control  307.5 .035 1.88 .90 222 1092 1.26 3.02

v

419 Control 302.9 .035 1.84 .86 2.32 11.50 1.21 297
420 Control 289.1 037 1.84 .78 2.12 9.88 1.24 2.91
: 421 Control 293.4 037 1.84 71 204 9.16 1.12 2.82
{ 422 Control 2765 .035 1.81 .79 1.95 9.95 1.09 299
423 Control 306.2 .045 1.94 .98 2.48 12.61 1.38 3.1
i 424 Control 311.0 .038 1.87 .79 2.24 1.77 1.28 290
425 Control 3148 .048 1.81 .82 2.30 11.32 1.15 3.01
426 Control 303.7 .042 1.81 .86 2.27 12.81 95 2.89
Mean: 301.8 .041 1.84 .83 .22 11.11 1.18 2.94
449 260 280.4 .043 1.86 91 2.28 10.82 1.14 2.89
450 260 2975 .035 1.86 .84 2.22 10.32 1.07 2.72
451 260 306.8 .043 1.84 .83 217 10.73 1.27 2.91
452 260 306.4 .038 1.93 .80 2.25 11.01 1.37 2.50
453 260 306.5 .048 1.90 .79 .21 10.42 1.23 2.91
454 260 306.0 044 1.82 .88 2.22 12.26 1.11 2.89
455 260 3139 .042 1.88 .85 2.23 12.08 1.31 2.92
456 260 317.7 .036 1.87 87 2.27 11.61 1.26 3.00
457 260 - 2778 .038 1.81 .75 2.11 9.81 1.09 2.73
458 260 324.8 .047 1.92 .89 2.48 12.93 1.36 297
Mean: 303.78 .041 .87 .84 2.24 11.20 1.22 2.84
481 650 281.3 .035 1.81 .82 2.13 9.95 1.17 2.58
482 650 307.3 .041 1.89 .87 2.28 10.61 1.42 3.02
483 650 308.1 029 1.88 .81 2.21 10.08 117 298
484 650 301.8 .041 1.86 .80 2.26 10.33 1.24 3.06
485 650 288.9 041 1.84 .86 2.02 10.72 1.28 290
486 650 3144 .040 1.88 92 2.38 11.45 1.23 3.11
487 650 297.8 .034 1.87 .78 2.07 10.18 1.26 2.75
488 650 293.3 .037 1.89 .73 2.13 9.49 1.27 3.02
489 650 309.6 044 1.89 .76 2.07 11.11 1.03 285
490 650 315.8 .032 1.88 .88 247 12.04 1.49 295
Mean: 301.8 037 1.87 .82 2.20 10.60 1.26 2.92
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b Table lil-1 (Continued)
AnimaiNo, Group  BodvW, Admnals__ﬂram_ l:han__!smm_m_ Lungs _ Testes
513 Ti. Diox. 3188 219  10.63 1.08 3.16
514 Ti. Diox. 310.1 .035 1 ss .s4 215 10.68 1.31 2.99
515 Ti.Diox. 317.3 .043 1.92 T 212 1042 1.40 3.04
516 Ti. Diox. 307.6 .038 1.86 1 235 10.89 1.41 3.13
517 Ti. Diox. 300.0 .033 1.86 e 197 10.49 1.25 2.96
518 Ti. Diox.  321.1 .038 1.99 .83 210 12.03 1.25 3.02

519 Ti. Diox. 3143 .039 1.85 .94 250 1168 1.20 3.19
520 Ti. Diox. 302.6 .049 181 1.00 2.21 10.99 1.16 292
521 Ti. Diox. 310.6 .045 1.88 .86 239 11.13 1.23 2.92

522 Ti. Diox. 298.7 .042 191 .81 2.22 10.47 131 2.85
Mean: 310.1 .040 1.88 .86 222 1094 1.26 3.02
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SURLEN
OF IROM OXIDE AND GRAPHITE DUSTS

~!

24 HOUR POST-EXPOSURE SACRIFICE

-
P

Reports Code Table

s ——— " ——_— 1 " —— o .t - — ——_ — —— ——— T ——— L ——" - ——— " — ———— — " _———- T — i — _ A ————— T ———— —— > a— — -

N Tiszues within normal histological limits

A Autolyszis precluding adequate evaluation

P Paired organ missing

U Tissues unavailable/unsuitable for evaluation
S, Tissues not applicable to animal

* Tizsues not examined/rnot required by protocol
1 minimal

2 mild

3 moderate

4 mae e

) focal

] diffuse

> multifeocal
P Present
f Neoplazm, Benign
] Neoplaém, Maligrnant without Metastasis
C Neoplasm, Malignant with Metastasis
X Metastatic Site (+)
- No data entered
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Epithelium
Hyperplasia
Perivascular

Terminal

Appendix F
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Epith.

Hyperpl.

PV

Term.
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PATHOLOGY ASSOCIATES, INC.
COMPARKAT IVE ACUTE THHAL AT ION SURELET
0F TRON OXTDE AMD GRAPHITE DULTS
14 DAY POGT EXPOSURE SACRIFICE

...............................................................................................................................

Project Summary Table
SuMMARY:  Incidence of NEGFLASTIC and NON-NEGPLASTIC Micrescopic Findings

...............................................................................................................................

W

FRGIECT ID. NO: G-14PE FATES: aLL
ASE 1 CAYS: ALL SEX: MALE
BREUP: CONTROL  MICRO260  MICPOSSO 1192
NUMBER UF ANIMALS: 10 10 10 10
L } ] '
SRAIN tEr 19 10 i0 10
SCIATIC NEFVE i 10 i 9 10
SPINAL C4RD $Ex 10 10 10 10
ITEAL'S GLAND LIS S 8 10 3
SALIVARY BLAND PEx 1D i0 10 10
FANCEZAS tEr 10 in i0 10
WARCIGULAR LYKPH NODE fEc IO 10 0, 0
THI®YS tEr 10 10 10 10
WEMIRRHAGE 4 4 2 2
TRACHEA tE6r 10 10 10 Ni]
LARYNX $Ex 10 10 10 10
THIROIES P Er 10 19 10 10
PARATHYFLIIS e 0 10 ? 9
PITUITARY $Ex 9 10 10 10
FARS DITTALIS-meRInoLAllg 1 0 0 0
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PATHOLOGY ASSOCIATES, INC.
COMPAKATIVE ACUTE INHALATION SCRLEN
OF IRON OX1IDE AND GRAPHITE DUSTS
14 DAY POST EXFOSURE SACRIFICE

......................................................................................

Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-NEGPLASTIC Microscopic Findings

FROJECT ID. NO: 6-14PE FATES: ALL
PAGE ) DAYS: ALL SEX: MALE
GROUP: CONTROL  MICRO260  MICRO650 1102
NUMBER OF ANIMALS: 16 10 10 10
} ' L '
BRAIN tEx 10 19 10 10
SCIATIC NERVE 1Ex 10 10 9 10
SPINAL CORD §Ex 10 10 10 10
1YMBAL'S GLAND $Ex 10 8 10 9
SALIVARY GLAND $Ex 10 10 10 10
PANCREAS $Ex 10 10 i0 10
MANCIBULAR LYMPH NODE $Ex 10 10 1 . 10
THYMUS bEr 10 10 10 10
HEMORRHAGE 4 4 -2 2
TRACHEA tex 10 10 10 10
LARYNX $Ex 10 10 10 10
THYROIDS 16 10 10 10 10
PARATHYROIDS tEx 10 10 9 9 q‘
PITUITARY 16x G 10 10 10
PARS DISTALIS-HYPERPLASIA ! 0 0 0
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3 PATHOLOGY ASSOCIATES, INC.

COMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXIDE AND GRAPHITE DUGTS
14 DAY FOLT EXPOSURE LAURTFICE

S —— - - ——— . S . . - L - - ——— - - _———

Project Summary Table
SUMMARY: Incidence of MEOFLASTIC and HON-NEOPLASTIC Microscopic Findings

PROJECT ID. NO: 6-14PE FATES: ALL
PAGE 2 DAYS: ALL SEX: MALE
GROUP: CONTROL  MICR0260  MICRO&SO T102
NUNBER OF ANIMALS: 10 10 10 10
} ] ] §
LUNGS tEx 10 10 10 10
HEMORRHAGE 2 ] 3 3
PIEMENTATION 0 10 10 10
INTERSTITIUM-INFLAMMATION 0 0 1 0
PY-INFILTRATE, LYMPROCYTIC 0 1 0 0
ALVEOLAR EPITH-HTPEAPLASIA g 2 (i 0
TERM BROMCRIOLE EPITH-HYPERPL 0 1 0 1
BRONCHIAL LYMPH NODE 16 6 5 8 6
HERORERAGE 0 I 0 ]
CONGESTION 0 0 1 0
PIGMENTATION 8 0 1 1
EYE . tEr 10 10 10 10
SCLERA~MINCRALITATIUN 2 i 1 0
CLEREA-DEGENERATIUN 0 0 1 0
FORESTUMACH $ 6 10 10 0 . 10
GLANDULAR STUMACH $Ex 10 10 10 19
ESOPHARYS $Ex 10 10 10 10
DUODENIY tEx 10 10 10 10
COLON $Ex 10 i0 10 10
HESENTERIC LYMPH HuDE 1Ex 10 10 10 10
CORGESTION 1 0 0 0
LIVER PEr 10 10 10 10
YACUDLTIATION, CYT{PLASMIC 0 l 1 0
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE TNHALATION SCREEN
UF TRON OXTIDE AND GRAPHITE DUSTS
14 DAY Fos) EXPOSHIEE SACRTEFICE

Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-NECGFLASTIC Microscopic Findings

...............................................................................................................................

PROJECT 1D, MO: 6-14PE FATES: ALL
FAGE 3 DAYS: ALL SEY: MALE
SROUP: CONTROL  WICRO26D  MICRO6SO 1i02
KUMBER OF ENIMALS: 10 10 10 10
' ' ' t
LIVER PEr 10 10 10 10
HENGR RHASE 0 0 0 1
SPLEEN VEx 10 10 10 10
HEART PEr 10 10 10 10
CARDIOMYOPATHY [ 3 1 2
KIDNEYS bEr 10 10 10 10
NEFHERPATHY 1 1 1 ?
HEMSESHAGE 0
SIELETAL MISCLE PEr 10 10 10 10
AIRENAL CERTEX PEx 10 10 10 10
HEWGPRHASE 0 1 0 . 0
ALREMAL MEPULLA $Exr 9 10 _ 10 10
TESTES PEr 10 10 10 10
ATROFHY 0 1 0 0
SEMINAL VESICLES 160 10 10 10 10
SHIN tEr 10 10 10 10
URINARY ELADDER tE 10 10 10 10 jlq
PROSTATE tEr 10 10 1 10
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Appendix F

PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE IHHALATION SCREEN
OF TRON OXIDE AND GRAPHITE DUSTS
14 DAY PosT ExPOSURE SACKLIFICE

.............................................................................................................

Project Summary Table
SUMMARY: Incidence of NEOPLASTIC and NON-NEGPLASTIC Microscopic Findings

PESIECT ID. KQ: G-14PE FATES: ALL
PAGE 4 DAYS: ALL SEX: MALE
GROUP: CONTROL ~ HICRO260  MICRO6S0 Ti92
NUHBER OF ANIMALS: 10 10 10 10
i $ ] ]

BINE (STERNUM) $Er 10 10 10 10
BONE MARRCH PEx 10 10 10 10
KeSE PEr 10 10 10 10

HEMORRRASE | 0 0 2

(Report Continued)

183




I PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF IRON OXIDE AND GRAPHITE DUSTS
14 DAY POST EXPOSURE SACRIFICE

............................................................................

Project Summary Table
SUNMARY: Incidence of NEOPLASTIC and NON-NEGPLASTIC Microscopic Findings

...............................................................................................................................

PROJECT ID. NO: 6-14PE FATES: ALL
PAGE § DAYS: ALL SEX: MALE
GROUP: CONTRIL ~ MICRO260  MICRO650 1102
NUMBER OF ANIMALS: 10 10 19 10

] ] ¢ ]
OTHER TISSUES AND LESIONS:
PANCREAS-ACCESSCRY SPLEEN 0 ! 0 0
MESENTERY, FAT-NECRuSIS 0 0 ! 0

(End of Report)

IR,
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i ) V. TABULATED INDIVIDUAL ANIMAL TABLE
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PATHOLOGY ASSOCIATES,
COMPARATIVE ACUTE IHHALATION SCRELN
OF TRON OXIOE AHD GRAPHITE DUSTS

14

DAY POST EXPUSURE

FROJECT ID: 6-14PE
PAGE 1

ANIMAL ID. NO:

BRAIN

SCIATIC KERVE

SFINAL CCRD

2YHRAL’S GLAND

SALIVARY GLAND

PANCREAS

HANDIBULAR LYMPH NODE

THYMUS
HEMOPRHASE

TRACHEA

LARYNA

THYROIDS

Appendix F

INC.

GROUP: CONTROL  SEX: A

FATES: ALL
s 419 ---;20 2
NN N KR
NN N NN
NN W N
" T N
WK K "
' "
NN R N
N N N
-y -
T "
NN N KN
NN N KN
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DAYS: AtL
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PATHOLOGY ASSOCIATES, INC.
UOMPARATIVE ACUTE INHALATION SCREEN
_ OF TRON OXIDE AND GRAPHITE DUSTS
h' {4 Day POST EAPOSURE SACRIFICE

PROJECT ID: 6-14PE GROUP: CONTROL SEX: M DAYS: ALL
PAGE 2 FATES: ALL
ANIMAL 1D, NO: 415 48 419 420 421 422 423 a4 428 42
PARATHYROIDS N N N N N N N N N N
PITUITARY N N N (] N U N N N
PARS DISTALIS-HYPERPLASIA - - (1) - - - - - - -
LUNES N ¥ N ] N N N N
SEYIEHAGE - - - - - (1) - - - {1
BRONCHIAL LYMPH NODE v N N N N N U N ] U
EYE N N N N N N ] N
SCLERA-MINERALIZATION - - - (1) - - (1) - - -
FORESTUMACH N N N N N N N N N N
GLANDULAR STOMACH N N N N N N N N N N
ESUPHAGUS N N N N N N N N N N
DHODENUM N N N N N N N N N N
COLON N N N N N N N N N N
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXTIDE AND GRAPHITE DUSTS
14 DAY POST EXPOSURE SACKRIFICE

FROJECT ID: G-14PE GROUP: CONTROL  SEX: N PAYS: ALL
FAGE 3 FATES: ALL
ANIHAL ID. WO: 415 418 419 420 421 422 423 424 425 426
HESENTERIC LYMPH NODE N N N N N N N N N
CONGESTION - 2 - - - - - - - -
LIVER N N N N N N N N N N
SPLEEN N N N N N N N N N N
HEART N N N N
CARDICHYOPATHY - - 1 2 - 1 2 2 1 -
KIDNEYS N N N N N N N A
NEPHPOPATHY - - - - - - - 1 - -
HEMOBRHAGE - (2) - - - - - - - -
SYELETAL MUSCLE N N N N N N N N N N
ADRENAL CORTEX N N N N N N N N N N
ADRENAL HELULLA N N U N N N N N N N
TESTES N N N N N N N N N N
SEMINAL VESICLES N N N N N N N N N N
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXIDE AND GRAPHITE DUSTS
14 DAY POST EXPOSURE SACKIFICE

...................................... - camm cwmaen comrecsocnesnan

Tabulated Animal Data

PROJECT ID: 5-14PE GROUP: CONTROL SEX: ¥ DAYS: AlL
FAGE 4 FATES: ALL
ANIMAL 1D, NO: 415 418 419 420 42 422 23 A4 A5 2%
SKIN N N N N N N N « | ]
URINARY BLADOER N N N N N N n ] (] L]
FROSTATE N N N N ] N N N ﬂ N
ECNE (STERNUM) N N N N N N o # " |
BONE ¥APEOH N N N N N N N N A N
NOSE N N N N N ] « N
HEMORRHASE - - - - - - - - 2 -
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PATHOLOGY ASSOCIATES, INC.

COMPARATIVE ACUTE INHALATION SCREEN
% AF IRON OXTDE ARD GRAPHITE DUSTS
h. 14 Diay POST ExPOSURE SACRIFICE
Tabulated Animal Data
PROJECT ID: B-14PE EROYP: TONTROL SEX: # PAYS: ALL
PAEE 35 FATES: ALL
ANIMAL ID. NO: 815 a8 a9 420 a2l 422 423 AN 425 426
OTHER TISSUES AND LESI0NS:
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PATHOLOGY ASSOCIATES, INC.
CUuMPARATIVE ACUTE INHALATTON SCHEEN
07 TRON OXIDE AND GRAPHITE DUSTS
14 DAY 06T EXPOSURE SACRIFICE

...............................................................................................................................

FROJECT 1D: 6-14PE  GROUP: WICRO260  SEX: M DAYS: AL
. PAGE 6 FATES: ALL ‘
""""""""""" e W s s W e s s 6

ERAIN NN N N KN KN N NN
SCIATIC NERVE NN N K KON NN NN
SPINAL CORD NN N RN N NN NN
ZYEAL'S GLAND NN KR N KU U KN N
SALIVARY 6LAND R T T T T TR T T
PANCREAS NN N N KN NN NN
MANDIBULAR LYNPH WODE KON N N N KN N NN
THYMUS NN NN N i

HEMROHAGE R S B
TRACHEA NN KN K K K KN NN
LARYNX "I T T T T T T B
THYROIDS "I T TR TR R T TR N T
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF IRON OXIDE AND GRAPHITE DUSTS
14 DAY POST EXPUSURE SACKIF LCE

...............................................................................................................................

...............................................................................................................................

PROJECT ID: 6-34PE GROUP: MICRO260  SEX: M DAYS: ALL
PAGE 7 FATES: ALL
ANIHAL ID. NO: 449 450 451 452 453 4S54 455 a%6
PARATHYROIDS N N N N N N N N
PITUITARY N N N N N N N N
LUNGS
HEMARRKAGE (1) - - - (1) - m
PIGHENTATION 2 2 2 2 ? 2 2 2
PY-INFILTRATE, LYMPHOCYTIC {1) - - - - - - -
ALYEGLAR EPITH-HYPERFLASIA (1) - - - - - - -

TERM BRONCHIULE EPITH-HYPERPL {1 - - - - - -

ERONCHIAL LYMPH MODE ] ] N N ] U N

HEMORAHAGE - - - - - - - H
EYE : N N N N N ] N

SCLERA-MINERALTZATION - - - - - - {1) -
FORESTUMACH N N N N N N N N
GLANDULAR STOMACH N N N N N N N N
ESOPHAGYS N N N k N N N N
SUCDENUN L] N N N N N N N
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCHEEN
OF TRON OXIDE ANMD GRAPHITE DUSTS
J4 DAY POST EAPOoSURE SACRIFICE

.............................................................................................................

...............................................................................................................................

PROJECT ID: 6-14F€ GROUP: MICRO260  SEX: M DAYS: ALL
. PAGE 8 FATES: ALL
ANIMAL 1D. NO: 849 A4S0 451 452 453 454 455 4s6 457 456

COLON N N N N N N N N N N
HESENTERIC LYMPH NODE N N N N N N N N N N
LIVER N N N N N N N N N

VACUOLIZATION, CYTGPLASHIC - - - - - - {2) - -
SPLEEN N N N N N N N N N N
HEART N N N N N N N

CARDIGHYCPATHY - - - - 1 1 - 1 - -
KIDNEYS N N N N N N N N N

NEPHROFATHY - - - - ] - - - - -
SKELETAL ®USCLE N N N N N N N N N N
ADRENAL CORTEX N N N N N N N N N

HEMOROHAGE - - - - - - - - - {2)
ADRENAL MEDULLA N N N N N N N N N N
TESTES N N N N N N N N

ATROPHY - - - 2 - - - - -
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXTDE AND GRAPHITE DUHSTS
14 DAY POST EXPOSURE SACRIFICE

...............................................................................................................................

PROJECT ID: §-14PE GROUP: MICRO2D  SEX: M DAYS: ALL
PAGE 9 FATES: ALL
- Aum;-;ntvu;: S m 450 451 492 c;s- 4;4 4;5 456 457 4S8
SEMINAL VESICLES N N N NN N N N N N
SKIN N N N N N N N N N N
URINARY BLADDER N N N ] [ N N N N N
PROSTATE N N N N N N N N N N
BONE (STEPNLY) N N L] L] N ] ] N N N
BUNE PARRCH N N N N N N N N N N
NISE : N N N N N N N N N N
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE 1INHALATICON SCREEN
OF TRON NXIDE AND GRAPHITE DUSTS
14 DAY PLOST EXPOSURE SAUKIFICE

................................. o wo——- cwmemee - cemecrmm e rrcmacr e reraaena

...........................................................................

PROJECT ID: G-14PE GROUP: MICRO2¢0  SEX: M DAYS: ALL
FAGE 10 FATES: ALL
ANJHMAL ID. No: 49 450 451 452 453 454 455 456 4S] 458

OTHER TISSUES AND LESIONS:

PANCREAS-ACCESSCRY SPLEEN - - - - P - - - - -
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATICON SCREEN
OF TRON OXIDE AND GRAPHITE DUSTS
14 DAY POST EXPOLURE SAURIFICE

PROJECT ID: G-14PE GROUP: MICRO6S0  SEX: M DAYS: ALL
FAGE 11 FATES: ALL
ANIMAL 1D. NO: 481 482 463 48B4 4BS 486 487 468 489

BRAIN

SCIATIC NERVE

SPINAL C7RD

2TMBAL'S GLAND

SALIVARY GLAND

FANCREAS

HANDIBULAR LYHPH NODE

THYMUS
HEMORRKAGE

TRACHEA

LARYNX

THYROIDS

Appendix F
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXIDE AND GRAPHITE DUSTS
14 DAY POST EXPOGURE SACRIFICE

..................................................... e B L LT LT Iy Ay S

PPOJECT ID: G-14PE GROUP: MICROSS0  SEX: M DAYS: ALL
PAGE 12 FATES: ALL
ANIMAL 1D. NO: 481 482 AB3 484 485  4B6 487 458 489 450

PARATHYROIDS N N N ] N N N N N N
PITUITARY N N N N N N N N N N
LUNGS

HEMORRHAGE - - {1) - - - 2y {1

FICMENTATION 2 2 2 2 2 2 2 2 ?

INTERSTITIUN-INFLAMMATION - - - - - - n - -
ERONCHIAL LYMPH NOTE N N ] K N U ] N

CONGESTION - - - - - - 3 - - -

PIGMENTATION - - - - - . - 1 - -
EYE N N N N N N N N

SCLERA-MINERALIZATION - - - - (1) - - - - -

CORNEA-DESENERATION - - - - - - - - (1) -
FOFESTOMACH ] N N N N N N N N N
GLANDULAR STUMACH N N N N N N N N N N
ESOPHAGUS N N N N N N N N N N
DUCDENUM N N N N N N N N N N
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- PATHOLOGY ASSOCIATES, INC.

) COMPARATIVE ACUTE INHALATION SCREEN
. OF TRON OXIDE AMD GRAPHITE DUSTS
k 14 DAY POST EXPOSIHKRE SACKIFICE

B T T L T T e T TPy ———— -

PROJECT ID: 6-14PE GROUP: MICROGSO  SEX: X DAYS: ALL
Pase 13 FATES: ALL
ANIBAL ID. HO: 481 482  4B3 484 485  4E6 487 438 489 490
COLON N N N N N N N N N N
MESENTERIC LYMPH NODE N N N N N N N N N N
LIVER N N N N N N N N N
VACUOLIZATION, CYTUPLASMIC - - - - - - - - (1) -
SFLEEN N N N N N N N N N ]
HEART N N N N N N ] N
CARDIOMYUPATHY - - - - - 2 - - - -
KIDNEYS N N N N N N N N N
NEPHRCPATHY - S - - 1 -
SKELETAL MUSCLE N L] N N N N N N N N
ADEENAL CUETEX N N N N N N N N N N
ATRENAL MECULLA N N N NN N N N N N
TESTES N N N N N N N N N N
SEMINAL VESICLES N N N N N N N N N N
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..........................

PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXIDE AND GRAPHITE DUSTS
14 DAY FOST EXPOSURE SACKIFICGE

.....................................................................................................

.....................................................................................................

PROJECT ID: G-14PE GROUP: MICRO6SD  SEX: M DAYS: ALL
FAGE 14 FATES: ALL
ANIMAL ID. RO: 461 482 483 484 485 486 487 488 489 490

SKIN

URINARY BLADDER
FROSTATE

BOE (STERNM)
RONE MARROM

NOSE

Appendix F
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PATHOLOGY ASSOCIATES, INC.
CUMPARATIVE ACUTE INHALATION SCREEN
OF TRON OXIDE AND GRAPHITE DUSTS
14 DAYy POST LXPOSURE SACRIFICE

...............................................................................................................................

PROJECT ID: G-14PE GROUP: MICRO6SG  SEX: H DAYS: ALL
PASE 15 FATES: ALL
ANJMAL ID. NO: 48] 482 48B3 B4 4BS 486 487 a8 489 490

OTHER TISSUES AND LESIONS:

MESENTERY, FAT-NECROSIS - - - - - - - - - (2)
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCRELN
. OF TRON OXIDE AND GRAPHITE DUSTS
% 14 DAY POST EXPOSURE SACRIFICE

..............................................................................................................

................................................ - T T N N Lt LT L T

PROJECT ID: G-14PE GROUP: Tj02 SEX: ¥ DAYS: ALL
. PAGE 16 FATES: ALL
"""""" W oS ss w wom s s s ow

BRAIN N N N N N N N N N ]
SCIATIC NERVE N N N N N N N N N N
SFINAL CORD N N N N N N N N N N
JYVBAL’S BLAND N N N N y N N N N N
SALIVARY GLAND N N ] N N N N N N N
PANCREAS N N N N L] ] N N N N
KANDIBULAR LYXPH NGDE N N N N N N N N L] N
THYRUS N N N N N N N N

HEMURRHAGE - - - - - - 1 - 2 -
TRACHEA N N N ] N N N N N N
LARYNX . N N LI k N K N N N N
THYROIDS N N N N N N N N N N
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCKEEN
OF TRON OXIDE AHD GRAPHITE DUSTS
14 DAY POST LabPOSURE SACKIFITCE

.......................................... - o= B Lt L L LT

PROJECT ID: 6-14PF GROUP: Ti02 SEX: N DAYS: ALL
PAGE 17 FATES: alL
ANIMAL ID. NO: 513 514 SIS Sl6 517 518 519 20 521 522
PARATHYROILS ] N N N N N N N N N
FITUITARY N N N N N N N N N N
LUNGS
HEMORRHAGE - - - - - (1) - (1) - (2)
FIGMEMTATIiN 2 2 2 2 2 2 2 2 2 2
TEEM BRONCHIOLE EPITH-HIPERFL - - - (1) - - - - - -
BRONCHIAL LYMFH NODE N N N N u u U N
FIGMENTATION - -
EYE
FORESTOMACH

GLANDULAR STCOYACH

ESUPHACYS

DUCDENUM

COLON
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN

. OF JRON OX1DE AMD GRAPHITE DUSTS
h 13 DAY POST EXPOSURE SAGRIFICE

Tabulated Animal Data

................................................................................................................................

PRAJECT ID: G-14PE  GROUP: Ti02 SEX: M DAYS: ALL
’ FAGE 18 FATES: ALL
ANTHAL ID. WO: 13 514 515 Sl6 517 518 519 S0 su S22
MESENTERIC LYHPH NOTE N K N N N N NN NN
LIVER NN K K K NN W
HEMGRRHAGE - - - - - - - - - {2)
SPLESN NN N K K NN NN N
HEART NN N NN N - NN
CARDTGMYGOPATHY e T T
Y IINEYS NN NOOR N NN
KEPHRIPATHY S T
SYELETAL PSCL NN N K NN R NN N
LORENAL CERTEX NN N KN N NN NN
ADRENAL MELULLA NN N KN N K NN NN
TESTES NN N N N NN NN N
SEMINAL VESICLES N N N N N N N K NN
SKIN ¥ N K K N N N NN R
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCREEN
OF IRON OXILE AND GRAPHITE DUSTS
I DAY PosT EXPOSURE SAUKKIFICE

—

PROJECT ID: G-14PE GROUP: Ti02 SEX: M DAYS: ALL
FAGE 19 FATES: ALL
ARTHAL ID. HO: §13 514 515 816 517 518 549 520 s 522
URINARY BLADDER N N X N N N N N N N
PROSTATE N N N N N N N N N N
BORE {STERNUM) N N N N N N N N N N
BUNE MARRON N N N ) N N N N N N
HOSE N N N N N N N N
HEMOREHAGE - - - - - 1 - - 3 -
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE ITHHALATION SCREEN
OF JTRaN OXIDE AND GRAPHITE DUSTS
14 LAy pPOoT EXPOtlkE SACRIFICE

.........................................................................................................

PROJECT ID: 5-14PE GROUP: Ti02 SEX: M DAYS: ALL
’ FAGE 20 FATES: ALL
AKIMAL ID. KO: SI3 SI4 515 516 517 518 519 S 51 S22

OTHER TISSUES AND LESICNS:

Appendix F 205




Vi. CORRELATION OF GROSS AND MICRO FINDINGS
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE THHALATION SCREDN
OF IRON OXIDE AND GRAPHITE DUSTS
14 DAY POST EXPOSURE SACRIFINE

’ Correlation of Gross & Micro Findings
PROJECT ID: G-1aPE GROUP: CONTROL SEX: MALE DAYS: ALL
PAGE 1 FATES : ALL
ANIMAL HNO: 415 PATHOLOGIST: LHB

ANIMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST:13

REFERCNCE TO NECROPCY RECORD: RELATED HISTOPATHILOGY:

ANIMAL NO: 41z PATHOLOGIST: LHB
ANIMAL FATE: TERMINAL SACRIFICE
DAYS OGN TEST: 18

REFERENCE 10O NECROPSY RECORD: RELATED HISTCOPATHOLOGY:
ANTMAL NO: 1 FATHOLOGTIST: LHB

AHIMAL FATE: TLEMINAL SACRIFICE
DAYS ON TEST:1@

REFERENCE 10 NEGROPSY RECOKD: RELATED HISTORPATHOL OGY :
ANTMAL NO: 420 ' PATHOLOGIST: LHB
ANIMAL FATE: TERMINAL SACRIFICE .
DAYS ON TEST: 18
REFERENCE TO MECROPSY RECORD: RELATED HISTOPATHOLOGY:
Appendix F 207




PATHOLOGY ASSOCIATES, INC.
CIOMEARAT IVE ACUTE THHALAT [0l SUREEN
HE TRON OXIDE AND GRAPHI TR DUSTS
14 DAY POST EXPOSURE SACKIFICE

PROJECY 1D: G-14FE GROUP : CONTROL SEX: MALE DAYS: AL
PAGE 2 FATES: ALL

n i e e o o em (s emr am st - mm e e m e e em e e e o - tem - m m  n = o = e S S S S = ey e EC e e e A e o = s b s - - o —

ANTMAL NC: 421 PATHOLOGIST: | HB
AHIMAL FATE: TERMINAL SACRIFICE

DAYS ON TEST:18&
REFERENCE TO MEfROPSY RECORD: RELATED HISTOPATHOLOGY :

YKIDHEY, BILATERAL-FOCT, MULTIPLE, PO COROLLARY CHANGE DETECTED
RED

ANIMAL NO: an2 PATHOLLOGIST: LHB
AMIMAL FATE: TERMIMAL SACRIM1CE
DAYS ON TEST:18&

REFEREENCE TO HECROPSY RECORD: RELATED HISTOPATHOLOGY:

ANTIMAL HiD: 423 PATHOLOGIST: LHB
ANIMAL FATE: 1T RMINAL SACRIFIGCS
DAYS ON TEST: 1%

RUFERINCE 10 HECROPSY RIZCORD: RELATED HISTOPATHOL.OGY :

ANTHIAL MO: A4 ’ PATHOLOGIST: LHB
ANIMAL FATE: TERMINAL SACRIFICE
DAYS ON TLCST:18

REFERUNCE TO NLCROPSY RECORD: RELATED HISTUPATHOLOGY :

Appendix F




PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE IMHALATION SCREDN
CEOTRON OXTIDE AND GRAPHITE DUSTS
14 DAY POST EXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

PROJECT ID: G-14PFC GROUP: CONTROL SEX: MALE DAYS: ALL
PALE 3 FATES: ALL

ANTHMAL HNO: 425 PATHOLOGIST: LHB

AMIMAL f-ATE: TLF(MH-I/AL. SECRIFICE
DAYS ON TEST:18

REFERENCE TO NFECROFPSY RECURD: RELATED HISTOPATHOLOGY:

AHTMAL Nov: A2 PATHOLOGIST: LHB
AITMAL FLTE: THRDINAL SACRIFICE

DAYS ON TEST:18&
REFERENCE To NECROPSY RECORD: RELATED HISTOPATHOLOGY:

Appendix F 209

—~J---l--llI-IIllllllIllIlIllIIlIIIIIlIlIllllIllllllllllIlIlllllllllll‘



PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALAITON SURELN
UF IRON OXIDE AND GRAPHITE DUSTS
14 DAY POST EXPOSURE SACRIFICE

PROJECT 1D: G-1laFE GROUP: MIUCRO2::0 SEX: MALE DAYS: ALL N
PAGE 4 FATES: ALL
ANTHMAL NO: 44 PATHOLOGIST: LHB

ANIMAL FATE: TERMIMAL SACRIFICE
NDAYS ON TE LT:18

REFERENCE TO NFCRUPSY RECURD: RELATED HISTOPATHOLOGY:

ANTHAL MO: 45 PATHM.OGIST: LHB

S0
ANIMAL FATE: TERMIBAL SACRIFICE

DAYS ON TEST:18

REFEREMCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :
ANIMAL Hu: 45]) FPATHOLOGIST: LHB

AMIMAL FATE: TERMINAL SACRIFICE
. NDAYS ON TEST:12

BEFERUMCE 10 MECROFRSY PREZCORD: RELATED HITTOPATHM OGY:
> COMMENT : LUNG-AS COMPARFD TO THE

24~HR SACRIFICE, MUORE PIGMENT (IN
MACROPHAGES) 1S CLUMPED TOGETHER
IN TERMINAL BRONCHIOLES.
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATJON SCRFEN
OF TRON OX1DE AND GRAPHITE DUSTS

14 DAY POST EXPLOSURE SACRIEFICE

Correlation of Gross & Micro Findings

. PROJECT ID: G-14FE GROUP: MICROR2E0 SEX: MALE DAYS: ALl
PAGE 5 FATES: ALL
AMIMAL NO: 452 PATHOLOGIST: LHB
ANIMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST:18
REFERENCE T0O NECROPSY RE *JRD: RELATED HISTOPATHOLOGY:
MLUNG-MOTTLED LiaGS~ PIGMENTATION
ANIMAL MO 4453 PATHOLOGIST: LHB
ANIMAL FATE: TERMIMNAL SACRIFICE
DAYS ON TEST:18
REFERENCE T NECRUPSY RECORD: RELATED HISTOPATHOLOGY :
YPANCREAS-NODULE, 2X2X1MM, ROUND, RED PANCREAS-ACCESSORY SPLEEN
> COMMENT:  LUNG-AS COMPARED TO THE
24-HOUR SACRIFICE, MORE PIGMENT
(IM MACROPHAGES) IS CLUMPED
TOGETHLR IN TERMINAL BRONCHICLES.
ANTMAL NG AE4 PATHOML OGIST: LHB
ANTMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST:18
REFERENCE 10 MECROPSY RECOQRD: RELATED HISTOPATHOLOGY :
> COMMENT:  LUNG-AS COMPARED TO THE
24-HOUR SACRIFICE, MORE PIGMENT
(IN MACROPHAGES) 1S CLUMPED
TOGETHER IN TERMINAL BRONCHIOLES.
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PATHOLOGY ASSOCIATES, INC.
COMPARATTIVE ACUTE [MHALATION SCRIEN
OF TRON OXIDE AND GRAPHITE DUSTIS
14 DAY POST EXPUSURE SACRIFICE

Correlation of Gross & Micro Findings

PROJECT IDh: G-14FE GROLIP: MICRO2:0 SEX: MALE AYS: ALL .
PAGE & FATES: ALL
ANIMAL NO: 455 PATHOLOGIST: LHB

ANTMAL FATE: TEHKMINAL SACRIFICE
DAYS ON TEST:18

REFERENCE TO NECROPSY RECCRD: RELATED HISTOPATHOLOGY:

ANIMAL HNO: G5 PATHOL.OGIST: LHB
ANIMAL FATE: TERMITNAL SSCRIFICE
DAYS ON TEST:18

REFERENCE TO MECROPSY RECORD: RELATED HISTOPATHOLOGY :
YTHYMUS-FOLT, 1XIX1MM, KOUND,  DARK NO COROLLARY CHANGE DETECTED

RED _

> COMMENT:  LUNG-AS COMPARED TO THE

24--HOUR SACRIFICE, MORFE PIGMENT
(IN MACROPHAGES) 1S CLUMPED
TOGETHER IN TERMINAL BRONCHIOLES.

ANTMAL NOI: 457 ] PATHOLOGIST: LHB
ANIMAL FATE: TERMIMAL SACKIFICE
DAYS ON TEST:18

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :
b COMMENT: LUNG-AS COMPARED TO THE

24-HOUR SACRIFICE, MORE PIGMENT
(IN MACROPHAGES) IS CLUMPED
TOGETHER IN TERMIMNAL BRONCHIOLES.

B b T e e L ppp——
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PATHOLOGY ASSOCIATES, INC.
COMEARATIVE ACUTE THHALATION SCREEN
OF TRAN OXITDE AND GRAFPHITE DUGTS
T4 DAY POST EXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

’ PROJECT ID: G-14PE GROUF: MICRO2EQ SEX: MALE DAYS: ALL
paLE / FATES: ALL
ANTHMAL  HO- akm PATHOLOGIST: LHB

AMIMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST:12

REFERENCE TO NECROPSY RECORD: RELATED HISTOGPATHOLOGY :

JLUMNG-GREY L'UINGS- PIGMENTATION; COMMENT:
LUNG-AS COMPARED TO THE 24-~HOUR
SACRIFICE, MORE PIGMENT (IN

MACKRCFHAGES) 18 CLUMPED TOGETHER
Id TESHMIMAL BROMCHIOLES.
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE THHALATION SCREEN
OF TRON OXIDE AND GRAPHITE [USTS
14 DAY POST EXPOSURE SACRIF ICE

Correlation of Gross & Micro Findings

FROJECT ID: G-1aFF GROUP: MICRO£S0 SEX: MALE DAYS: ALL .
FAGE = FAIES: ALL
ANTMAL HNO: 4l PATHOLOGIST: LHB

ANIMAL FATE: TEFRMIMAL CACRIFICE
DAYS ON TEST: 1@

REFERENCE TO MNUECROPSY RECORD: RELATED HISTOPATHOLOGY : -

YLLING- GEEY LUNGS= FPIGMENMTATION; COMMENT:
LUNG FTGMENT S IN LARGUR CLUMPS
(MOSTLY IN TERMIMAL BRONCHIOLES)
THAN IN THE 24 HOUIR STUDY.
PIGMENT ALSD IN BALT.

AMTHAL NO: an2 PATHOLOGTIST: LHB
ANIMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST:18

RUFEREMCE T0O NECRUPSY RECORD: RELATED HISTOPATHOLOGY:
SMLUNG MOTTLED L UNGS- PIGMONTATION; COMMENT:

LUMG PICHMENT 95 IN LARGER CLUMPS
(MUSTLY IN TERMINAL BRONCHIOLES)
THAN IN THE 24 HOUR STUDY.
PIGMENT ALSC IN BALT.

AMIMAL N G403 PATHOLOGIST: LLHB
ANIMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST:1&

REFERENCE 10 MECROPSY RECORD: RELATED HISTOPATHOLOGY :
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE INHALATION SCRFEN
OF TRON OXIDE AMD GRAPHITE DUGHES
14 DAY PusT EXPOSURE SACKIFICE

Correlation of Gross & Micro Findings

PROJECT 1D: G-14FE GROUP: MICROESO SEX: MALE DAYS: ALL
PAGE = FATES: ALL
ANTMAL NO: 453 PATHOLOGIST: LHB

ANIMAL FATE: TFRMINAL SACRIFICE
NDAYS ON TEST:1a

REFERENCE TO HNECROPSY RECORD: RELATED HISTOPATHOLOGY @

JLUNG, ALL LOBES-FOrRY, MULTIPLE, RED LUNGS- HEMORRHAGE ; COMMENT: L UNG
PIGMENT 15 IN LARGER CLUMPS
(MOSTLY IN TERMIMAL BRONCHIOLES)
THAN IN THE 24 HOUR STUDY.
PIGHMENT ALSO IN BALT.

ANTMAL N0 4n4 PATHOLOGIST: LHB
ANIMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST: 182

REFERENCE T NECROPSY RECORD: RELATED HISTOPATHOLOGY :
> ' COMMENT:  LUNG PIGMEMT 1S IN

LARGER CLUMPS (MOSTLY IM TERMIMAL
BRONCHIOLES) THAN IN THE 24 HOUR
STUDY. PIGMENT ALSO IN BALT.

ANTHMAL NO: ARE . PATHOLOGIST: LHB
ANINAL FATE: TERMINAL CACRIFICE
DAYS ON TEST:18

REFERENCE T NECROPSY RECORD: RELATED HISTOPATHOLOGY :
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PATHOLOGY ASSOCIATES, INC.
COMPARAT TVE ACUTE TNHALATION SCREEN

- OF TRON ONIDE AND GRAPHITE DUSTS
14 DAY POS) EXPOSUKE SACRIFICGE

Correlation of Gross & Micro Findings

FROJECT 1D: G-1aPE GROUP: MICRu&SO SEX: MALE DAYS: ALL
PAGE 10 FATES: ALL
ANTMAL MO: A€ PATHOLOGTIST: LHB

ANIMAL FATE: TERMIHAL SACRIFICE
DAYS ON TEST:1R

REFEREMCE TO HECROPSY RECURD: RELATED HISTOPATHOLOGY :
AHTMAL NO: Ve PATHOLLOGIST: (LHB

ANIPAL FATE: TERMINAL SALRIFICE
DAYS ON TEST:18

REFERENCE T0 NECROPSY RUCORD: RELATED HISTOPATHOLOGY :
>LUNG -DARK LUNGS= PIGMENTATTON; COMMENT:

LUNG PIGMENT IS 1IN LARGER CLUMPS
(MOSTLY IN TERMINAL BRONCHIOLES)
THAN IN THE 24 HOUR STUDY.
PIGMENT ALSO IN BALT.

FRRONCHTAL L vt NoDE -CHLARGED, BRONCHIAL LYMPH NODE- CONGESTION

AXEXSMM, AL, BRIOWN

ANTHAL HiD: i FATIHOLOGLST: LHR
AHNIMIL FATE: TEREMIMAL SALRIFICE
nAYS ON TEST:1&

REFERUNCE 10O NEUROUPSY RECORD: RELATED HISTOPATHOLOGY :
> COMMENT:  LUNG PIGMENT IS IN
LARGER CLULMPS (MOSTLY IN TERMINAL

BRONCHIOLES) THAN IN THE 24 HOUR
STUDY. PIGHMENT ALSO IN BALT.
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PATHOLOGY ASSOCIATES, INC.
COMPARATTIVE ACUTE  LHHALATION SORET H
OF  TRON OXIDE &bl GRAPHITE DUSTS
14 DAY POST EXPOSURE SACKIFICE

Correlation of Gross & Micro Findings

. FROJECT ID: G-14PFE GROUP: MICKLES0 CEX: MALE navys: ALL

FAGE 11 FATES: ALl

ANIMAL HNO: Ao PATHOLOGIST: LHB

AMIMAL FATE: TERMIMAL SACRIFICE

DAYS ON TEST:1&

REFEREVICE TO HECROPSY RECORD: RELATED HISTOPATHOLOGY:

JLUNG, ALL LCRES—FOCT, MALTIFLE, LUNGS~ HEMORRHAGE ; CUMMENT:  LUNG

ROLHD, RED PIGMENT 1S IN LARGER CLUMPS
(MOSTILY IN TERMINAL BRONCHIOLES)
THAM 1H THE 24 HOUR STUDY.
FIGMENT ALSO IN BALT.

AHITHMAL HO: 4= PATHOLOGIST: LHB

ANIMAL FATE: TEMMINMAL SACRIFICE

NAYS ON TEST:13
KEFERENCE T0O MECROPSY RECURD: KELATED HISTOPATHOLOGY :
SHESONTERY, FAT-MNODULE, SooX1MM, HESERTERY, FAT NECGROSIS
ROIID, sCLLOW

S LUMG= REY LUNGS- PIGMENTATION; COMMENT:
UG PIGHMENT 1S IN LARGER CLUMPS
(MOSTLY IN TERMIMAL RRONCHIOLES)
JHAN 1M THE 24 HhUR STUDY.
PIGHENT ALSH TN DALT.
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE AULNE LNHALATION SCREEN
CEOTEOM O IDE AMD BRAPHITE DUSTS
14 DAY FOLT EXPUSURE SACRIFICE

Correlation of Gross & Micro Findings

S T S e e N e e e S N = e s " o+t et e o S o T = o —s. 2+ t8 o 7 o 2 o s mm S o ot o o e o o e e

FROJECT ID: G-14FE aleaip: 1102 SEX: MALE DAYS: AL
PAGE 12 FATES: Al

AHTHMAL HO: 313 PATHOLOGIST: LHB
ANIMAL FATE: TERMINAL SACRIFICE
DAYS ON TEST:18

REFEREMCE TO MICROFSY RECORD: RELATED HISTOPATHOLOGY:

T T T T e e e e e e e S e e e e 4 e e e et e v s e ——— — — ——— - i —— —_— = = - S = s o ——— — - — - o — —= o o

ANTHAL PO 14 PATHOLOGIST: LHB
ANIMAL FATE : TFREMIMNAL SACRIFICE
DAYS ON TEST:18

REFERENGE 0 W0 EnpSy REGORD: RELATED HISTOPATHOLOGY :

) ' COMMENT:  LUNG-PTGMENT~L ADEN
MACROPHAGES PRESENT IN SOME
LARGER BRONCHIOLES, BUT IT MAY RE
ARTIFACTUAL .

AHIMAL Mo S . FATHOLOGIST : |LHB T~
AHINMAL FATE: TERMINAL SACCLE 08

T e

DAYS ON TEST:13

RCFEREHNCL T0O HECROWSY RELUORD: RELATED HISTOPATHOLOGY @
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PATHOLOGY ASSOCIATES, INC.
COMPARATIVE ACUTE THHALATION SCHEFN
OF  TROM OXTIDE AMD GRAPHITE DUSTS
14 DAY POST EXPOSURE SACRIFICE

Correlation of Gross & Micro Findings

PROJECT ID: G-14PE GROUP: Ti02 SEX: MALE DAYS: ALL
PAGCE 33 FATES: ALL

ANTMAL HO-: Sle PATHOLOGIST: LHB
ANIMAL FATE: TERMINAL UACRIFICE
[DAYS ON TEST:1d

REFERENCE 10 NECROPSY RECORD: RELATED HISTOPATHOLUOGY:

AUTMAL HNO: 17 PATHOLCOGTST: Li4B
AUTHAL FATE: TEEREMINAL SACKIFICE
DAYS ON TEST:1&

REFERENCE TO NECROPSY RECORD: RELATED HISTOPATHOLOGY :

ANTMAL HO: R e PATHOLOGIST: (.HB
ANIMAL FATE: TERMINAL SACKRIFICF

. DAYS ON TEST: 1le
LEFERENCE 10 HLCKROPSY RECOKD: RELATLLD HISTOPATHOLOGY =

SLUNG, ALL LDORES-FOCT, MULTIPLE, LUNGS- HEMORRHAGE
ROUMD, RED

ANTHMAL HO: 19 PATHOLOGIST: LHB
AMIMAL FATE: TERMINAL SACRIFICE :
NAYS ON TEST:1&

KEFERENCE TO NECROPSY RELORD: RELATED HISTOPATHOLCOGY :
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PATHOLOGY ASSOCIATES, INC.
COPPARATIVE ACUTE THHALATTON SUREEFN
b TRON OOVIDE 20 LAt LTE DUDES
14 DAY POST EXFOGHKE SACKIFICE

Correlation of Gross & Micro Findings

PROJIECT (D G-1a0E GRiip: Tio2 S MALE DArS s ALL
P Ak 13 FATES: AlL N

ANMIPAL H0: =20 PATHOLAOGLET 2 i
AUTMAL FATE: IFEMELAL SACRTFICE
DAYS ON TEST: 13

REFERENCE 10 JHCROPSY RECORD: RELATED HISTOPATHOL MY =

AMTMAL 1o a2l PATHOLOGIST: LHB
SETMAL AT TLiMinAL TACHRIFICE

DAYS OM TEST: 1S
REFERENGE Mo HECROESY RECRD: RECATED HISTOPATHOLOGY :
» COMMENT ¢ LUHNG-PIGMENTED

MACROFHAGES PRESEMNT IN SOME SMALL
BRGICHTOLES.,

SHIMAL 0 o PATHOLOGTST . LIB
ANMTITAL TAR s e tihiAall AL IR TR
Lpays oN TEST: 14

FEFLERENCE D0 MECROESRY RECORD . FELATED HISZTOPATHOLOGY @
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«~ QUALITY ASSURANCE STATEMENT

This histopathology project has been inspected and audited by the quality assurance
unit as required by the Good Laboratory Practice regulations promulgated by the U.S.
Food and Drug Administration. Pathology Associates, {incorporated has a functioning
and responsive Quality assurance unit which reports directly to management. The
following is a record of inspections/audits and their resulting reports:

Date Findings Reported

Date of to Management
Inspection Phase Inspected and Study Pathologist
*02-08-88 Tissue Trimming 02-08-88
*02-18-88 Processing/Embedding 02-18-88
*02-18-88 Microtomy 02-18-88
*02-19-88 Staining 02-19-88
*02-19-88 Coaverslipping 02-19-88
*02-19-88 Labeling 02-19-88
**02-25-88 Individual Animal Data 02-25-88
**02-25-88 Data Entry 02-25-88
**02-25-88 Computer Validation 02-25-88
**02-25-88 Draft Pathology Report 02-25-88
**03-09-88 Second Draft Gross to Microscopic Tables 03-09-88
**03-25-88 . Final Pathology Report 03-25-88

*General Monthly Phase ingpection
** Ingpection specific for Study Number

In concordance with the PAl Quality Assurance Division's Standard Operating
Procedures, phase inspections are routinely conducted on a random basis at a
minimum of monthly. Dates of inspection are reported for each study accordmg to the
most recent phase inspection conducted during that period.

ey p , March 25, 1988
_/_\,'_la_m,;, Lo far: SHA *
Director, Quality Assurance Unit Date

Comparative Acute inhalation Screen of iron Oxide and Graphite Dusts (Four Day
Exposure With One Day Recovery)(Protocol No. 22087000A217).
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